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Contributing to an understanding of cognitive learning by children and 
youth— and ira proving related eduoational practices— is the goal of the 
Wisoonsin R & D Center. Activities of the Center stem from three major 
research and development programs / one of which, Processes and Programs 
of Instruction , is directed toward the development of instructional programs 
based on researoh on teaching and learning and on the evaluation of conoepts 
in subject fields. The staff of the science project, initiated in the first year 
of the Center, has developed and tested instructional programs dealing with 
major conoeptual schemes in science to determine the level of understanding 
children of varying experience and ability can attain. 

Demonstration-discussion techniques were utilissed to instruct pupils in 
Grades 2-6 in conoepts relatied to the conoeptual scheme of force. Data from 
a posttest designed for measuring three levels of understanding of the conoepts 
—knowledge, comprehension, and application— indicated that most of the 
concepts can be taught sucoessfully in the elementary grades at the knowledge 
and comprehension levels; at the application level the concepts can be success 
fully taught to pupils in the upper elementary grades. Lesson plans and tests 
utilized in this study are available in Practical Paper No. 4 of the Center. 
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ABSTRACT 



This stud'y w^s d 6 si 9 iH®d to dotsrrnin© th© r©l©tiv’© l©v©ls of uiid©rst©ndini9 
of s©l©ot©d cono©pts from within th© conc©ptual sch©ra©— fore© — achi©v©d by 
pupils in Grades 2 through 6 as indicated by soores on knowledg©, ooMproben- 
sion and application typ© tests when all subjects receive coimparabl© instruct 
tlon . 

Subprobl©ms were: a) to doterrain© wh©th©r significant differences devel- 
oped in levels of achievement attained by pupils in Grades 2 through 6, b) to 
delermin© whether tnere were significant correlations between pupil IQ and 
test scores / and > c) to compare class mean and critical chance scores to 
determine the percent of each class scoring at least 15 percent above ohanoe. 

The selected concepts, in the order of presentation are: 

1. Forces are interactions between material bodies, acting as pushes 
and pulls, that cause changes in motion. 

2. A force acting on a body may cause it to accelerate. 

3. Forces have magnitude and direction. 

4. The acceleration, or change of motion, of a body is proportional to 
the magnitude ofjtheiforce acting upon it. 

5 . Interaotiions , or forces , between bodies involve actions and 
reactions . 

6. When all the forces acting on a body are in balance, there is no 
change in its motion. 

7. There are different kinds of forces with different origins , but all 
priginate in matter and act upon matter . 

8. Forces can be represented by vectors which can be added, sub- 
tracted, or resolved into components. 

An instructional unit with a fixed order of events utiltzing demonstration- 
discussion teohnigues was developed to ensure that all pupils received com- 
parable instruction on each concept. Evaluation was based upon paper and 
pencil multiple-response instruments designed to measure learner achievement 
at the knowledge, comprehension and application levels. The final sample 
included 12 pupils per grade. 

The achievement criteria were met for the three levels of understanding 
with specific concepts at the following grade levels: 

A. Knowledge 

Grade 2: Concepts 1, 2, 3 and 6. Grade 3: Concepts 1, 2, 3, 

6 and 7. Grade 4: Concepts 1, 2, 3, 5, 6, 7 and 8. Grade 5: 

All eight concepts. Grade 6: All eight concepts. 

B . Com prehens ion 

Grade 2: Concepts 1, 2, 3, 4, 5, 7 and 8. Grade 3: Concepts 
1, 2, 3, 4, 5, 7 and 8. Grade 4: Concepts 1, 2, 3, 4, 5, 7 and* 
8. Grade 5: All eight concepts. Grade 6: All eight concepts. 



C. Application 

Qra4e Ifono ol the concepts , Otade Ooncepts 1 , 2 and 
8. Grade 4: Concepts 1 , 2, 4, 6, 7 and 8. Grade 5: Concepts 
1 , 2, if 8, 7 and 8. Grade 8 s AU elf 111 concepts. 

While sca^ered instances d statistically significant correlallons etrlst 
between pupil test sccres and IQ within frades i there seems to be no 
definitive correlation between test scores and XQ^ within any grade level 
when considering all three levels of understanding . 

Maturity I as Indicated by grade levels appears to be a factor In deter- 
mining success for these eight concepts, particularly at the higher levels 
of understanding . 
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PRiiLEM 



iNTi^Eyam 



ffee place of concepts tn scie®oe has 
be@n well established by scientists In their 
attempts to unify thieir observations and des- 
crlptioins of nature . The impoftanoe of con- 
cepts does not end there, however, as is 
noted by Pella (Itti, p, 31) i 

Conoefts have been cited as the prod- 
ucts of scientific prooes ses , a s the basis 
for further scientific studies , and at times 
as the knowledge that is applied by the tech- 
nologist . . . . 

Concepts are important not only because 
they are the warp and woof of science, bv>t 
also because they provide the possessor 
with a means of coping with the development 
of knowledge in the future. It seems that 
one way to provide for maximum coverage of 
old and new knowledge is through the devel- 
opment of a classificational system . The 
formation of concepts or conceptual schemes 
Is one method of classification which results 
in such eccnomical use of human intelligence. 

The theme of parsimony and structural economy 
that pervades science thus has similar value 
in science education . Limited by time , the 
educator faces great and growing quantities 
of Information in every field such that Hurd 
(1965, p. 7) says, " It is little wonder that 
we have a crisis in education . " The solu- 
tion to this problem , according to Phenix 
(1956, p. 140), lies in the use of concepts in 
defining fields of knowledge . 

. . . the only satisfactory answer to the 
crisis in learning lies in the formulation and 
persistent use of key concepts . 

. . . concepts of high generality can be 
found which will provide truer insight into a 



field than could be gained by mere heaping 
up of Isolated scraps of inforroation .... 

As knowledge develops , better organiz- 
ing principles appear from time to time, old 
disciplines decline and new fields are opened 
up. Actually, discovery of powerful key oon- 
oepts is the best way of defining a field of 
knowledge. 

While there is widespread agreement 
concerning the existence and usehilness of 
concepts , there is considerable variability in 
the d^nitions of concepts as cited by such 
authors as Kranzer (1963), Russell (1956), 
Conant (1951) , and Einstein and Infeld (1938). 
For the purposes of this investigation a con- 
cept shall be considered as "a summary of the 
essential characteristics of a group of ideas 
and/or facts that epitomize important common 
features or factors from a larger number of 
ideas [Pella , 1966, p. 32]." 

That conceptual content can be handled 
in the elementary grades when it is consistent 
with the capacity and readiness of the pupils 
is indicated by Bailey (1939) , McCarthy 
(1952) , and Burlingame (19.63) , among others . 
However, the need still exists to determine 
the capabilities of children in many science 
disciplines and the difficulty of science con- 
cepts at various levels of child development 
and experiencing (Atkin , 1961; Croxton , 1955). 



THE PROBLEM 

To determine the relative levels of un- 
derstanding of selected concepts from within 
the conceptual scheme force achieved by pu- 
pils in Grades 2-6 as indicated by scores on 
knowledge , comprehension, and application 
type pencil and paper tests when all subjects 
receive comparable instruction . 
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lo?©6 attained by pupils to <3fad©t 2-6 f 



Se lyre toere ooi^iiaiioii.8 

between pnpii IQ soores and: toe seores 
acWemi toe laaowledife, Gomprebensiom, 
aiid appiimtiom tests ? 

I, to wMeb frades and at wbat leyeto 
of unierstandtof are toe toUowtog ortlerto 
met for eaob Gonjoept f 

a, fbe ®ean. soore earned by toe pu- 
pils is s ignitt^nliy better toan 



ohanoe . 

b . At least 50% of the pupils earn 
scores that are at least 1 5% 
above ohanoe . 



MISTORJCAL BACKGROUND 

AltoOUfh the use of oonoepts in the 
teaching of scienoe is a relatively recent 
development in science education , forerun- 
ners of this approach may be traced back to 
the late 1800's. According to Underhill 
(1941), the first detailed elementary scienoe 
program of significance was formulated by 
William T. Harris in 1871. While the use of 
scienoe oonoepts as such was not indicated , 
this ourrioulum was organized within the 
specialized sciences and emphasized ideas 
and their relationships in making learning 
meaningful . Thus, the work of Harris might 
be considered as a starting point of the trend 
toward a concept-oriented curriculum based 
upon the structure of knowledge. 

During this same period of time, G. 
Stanley Hall and Colonel Francis Parker set 
forth general philosophies of education sup- 
porting nature study. Much of the develop- 
mental work was done by Wilbur S. Jackman 
and Henry H . Straight in the attempt to de- 
vise an elementary school program with sci- 
enoe as the core (Smith, 1963) . Jackman 
stressed the understanding of significant 
ideas and emphasized the part played by the 
generalizations of scienoe as guides to or- 
ganization. The need for first-hand exper- 
ience was viewed as a basis from which to 
draw the generalizations of science in 
Jackman's outline for nature study (Underhill, 
1941). 

Three leaders of the nature study move- 




theory was changing , however, toward a more 





tended to oppose the limitation of the study 
of nature to observation only and began to 
emphasize the significance of insight and un- 
derstanding (Underhill, 1941). 

The development of two schools of 



thought within the nature- study movement is 
noted by Weller and Oaldwell (1933); the one 
tending toward sentimentalism and dying out. 



the other surviving as the foundation of cur- 
rent elementary school s olenoe . The first 
view considered the emotions and feelings 
while the second regarded the intellect and 
the necessity of training for accurate obser- 
vation and clear thinking . As one of the 
group viewing nature- study as training for the 
intelleot , Downing (1907, p. 194) says: 

Some unifying concept must be in- 
troduced or the course of study becomes 
fragmented , resulting in a series of un- 



coordinated efforts that lose their cum 
ulative effect . In a course aiming to 



develop thought power this unifying fac- 
tor would best be a series of logically 



related ideas or a dominant concept . . . . 



We must seek then some unifying idea 
in nature- study sufficiently complex to 
insure an increasing difficulty commen- 
surate with the increasing power of the 
pupils . 

In what seems to be a development of 
Jackman's idea concerning generalizations of 
science. Downing suggested evolution as a 
unifying idea in the teaching of nature- study. 

By the 19 20'S with the conflicting points 
of view, and with much of nature- study char- 
acterized by anthropomorphism , the resulting 
confusion yielded much study about science 
with an emphasis on isolated facts rather 
than on generalizations ; as a result interest 
in nature-study began to fade. The educa- 
tional climate was changing in response to 
the pragmatic influence of such men as 
Charles Pierce , William lames , and John 
Dewey. Within the framework of pragmatic 
theory , learning was held to be largely de- 
pendent upon experience . Thus while Dewey 
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PfiiteMf oma of tba groatait toilii®Boe« 
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approaobto iotoaot taaobtog was tb,e 
wofk of Sofali i« Oraig. CJralg (ltE7) vtowoi 
sofoooie to lb» ilanaoBfeafy sobool as a part of 
f soforal o#ioaftoji aai saw tbe ooaoapls of 
stoi<€moe as bavtof ^oats mot Maitad to toe 
Hetoa of soienioe. In toe fblrtf-torst Year- 
book of toe National ioofety for the Study of 
ldu>^tlOB« whMb was devoted to the teaOb- 
tof of solaskoe, Oratg stresses toe impoftanoe 
of toe ooaoepts of stoenoe (p . 114) . 

Tbese oonoepts are of tondaaental 
iapoftanoe to layaon as weli as to sot- 
entists . . . .They are a part of the price- 



less heritage that must be passed on to 
totisfe generations , and they are funda- 
mental to intelligent living . They should 
not be treasured away in libraries , known 
only to a few specialists , but rather 
should be understood by the masses . 

Widespread adoption of Craig's views 
did not occur rapidly in practice , however . 
Educational theory of the time , reflecting the 
influences of stimulu s -res pons e psychology , 



adhered to the belief that children were lim 



ited in their ability to handle generalizations . 
With the growth of the life adjustlnent move- 
ment in the 1940's , increased emphasis was 
placed upon satisfying the daily needs of the 
child in his relationship with his immediate 
environment . As a result , the application of 
science concepts to specific problems was 
considered more important than the use of the 
structure of the discipline in the teaching of 
scienoe. 



Concern for life adjustment is expressed 
in the Forty- sixth Yearbook of the National 
Society for the Study of Education (1947, pp. 
26-27) , wherein emphasis is placed upon the 
teaching of science concepts for understand- 
ing and functional use. 

To recognize information as an ob- 
jective of science instruction , as is 
done here, is not to indorse the acqui- 
sition of a body of isolated facts whose 
usefulness is limited to the particular 
science period in which they are learned 
or recited .... 



Science concepts must also be 
taught so that they will be functional . It 
is one thing to be able to repeat Boyle's 
law of gases. It may be quite another 




al information , Is understanding . 

The tenor of the times is refleoted in the fore- 
going viewpoint; the value of oonceptual 
knowledge was largely in its applicabiiity , 
but there was tocreaslng importance attached 
to understandtog . 

The two decade period from 1945 to 1965 
has been marked by sweeping ohanges in sci- 
ence , closely paralleled by changes in sci- 
ence teaching . The space aotivities stimu- 
lated great interest to scienoe education and 
precipitated a widespread evaluation of sci- 
ence content and instructional teohniques . It 
is perhaps indicative that the Pifty-ninth 
Yearbook of the National Society for the Study 
of Education is entitled Btethtokinc Science 
Education . In this Yearbook, oonsiderable 
importanoe is assigned to the use of concepts 
in toe teaching of science . Similar trends are 
apparent in most of the new curricula devel- 
oped for the secondary level in biology , chem- 
istry and physics as well as in science texts 
designed for pupils in the elementary schools. 
The National Scienoe Teachers Association 
publication , Theory Into Action (1964, p. 9), 
perhaps establishes the tone for much of the 
current practices by setting forth a series of 
basic conceptual schemes designed to serve 
as unifying structures for science instruction 
in Grades 1-12. The emphasis upon scienoe 
itself in the teaching of science is seen in the 
statement , "The strategies of learning must 
be related to the conditions that will lead to 
an understanding of the conceptual structures 
of science and of the modes of scientific in- 
quiry . " 



NATURE OF SCIENCE 

The natural world is characterized by an 
abundance of widely varying phenomena . In 
order to be able to grasp some of the meaning 
of his environment , man must adopt some 
point of view, some frame of reference , for 
observing the world . One method of approach- 
ing this vast array in an efficient and useful 
manner is through science. As Nash (1963 , 
p. 3) says, "Science is a way of looking at 
the world . " By means of this frame of refer- 
ence, man is able to impose some order upon 
his environment in his attempts to understand 
nature . 
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f Ms mierstanjMnf ts a proi»*@t of soi- 
and is €^r©ssed in tli© form of oon- 
oopts tbal onpialn Ih© faols of' tbi© vtni'^ors© • 
inofe a prodMOl is not a fintt©, statio body of 
knowLodp©, aitbonfh solono© do©s d©al with 
iiols wMOb mif M b© oonsider©d filnit © , bnt 
is ra^©r a dynamic s©rt©s of approximations 
of th© troth, fh© oono©pts that serv*© to ©x- 
plain nature# th©n# are to be oonsidered as 
tsntati^e and osesiil in the depree to whioh 
th©y are able to predlot futnre phenomena . 

As FeUa (lS0i) notes, oonoepts as snoh 
shonld not b© considered as either true or 
Balse# but rather as adequate or inadequat©. 

If scienc© is to b© a really useful frame 
of reference lor viewinf the world, it cannot 
be satisfied with the prodUiction of concepts 
which explain only isolated phenomena , It 
must in stead , in the words of Bronowski 
(1965, p, 16), "search to discover unity in 
the wild variety of nature , " Such unity 
comes about by determining the interrelated- 
ness of observed phenomena and events , 

This interrelationship brings to science a 
unifying structure composed of conceptual 
schemes which are statements of patterns of 
relationships among observed phenomena , 
Conant (1951, p, 25) says of science: 

Science is an interconnected series 
of concepts and conceptual schemes 
that have developed as a result of ex- 
perimentation and observation and are 
fruitful of further exper im entation and 
observation , 

Again , it should be noted that these state- 
ments are not static proclamations without 
flexibility, but are, in the view of Patton 
(1962) statements of probability concerning 
nature which must be interpreted in light of 
present knowledge , 

Subsequent investigations contribute 
more information whioh in turn is used to 
modify existing statements and to suggest 
areas of further study , Science , then , is 
not simply a product but is also a process of 
acquiring understanding , In the words of 
Lachman (1960, p, 13) , "Science is a 
knowledge-generating activity , ” As such it 
is continuous and cummulative , serving to 
correct itself as it proceeds , This procedure 
often involves, to one degree or another , ob- 
servation , measurement, interpretation of 
data, hypothesis forming and testing , and 
experimental procedures . However, as 
Muller (1963, p. 13) notes , "Ultimately the 
unity of science lies in the logic not the 
materials or the specific techniques of its 
inquiry," Thus it is that Roller (1960, p, 16) 



says , 

iolenoe Is conoemed with finding 
out how the world tick s through the in- 
teractions of observations , ideas and 
controlled experiments unified by oon- 
oepts or oonoeptual schemes , Science 
is ooncerned with ideas not things , al- 
though the ideas often are ideas about 
things , The ideas are created in men's 
minds . 

PSYCHOLOGICAL CONSIDERATIONS 

Both Piaget and Bruner have suggested 
that psychology has two bases of application 
with respect to education , namely, the devel- 
opment of the child and the evolution of a 
learning theory. 

Prom a consideration of the present un- 
derstanding of human learning it appears , ac- 
cording to Bruner (1966), that the accretion of 
knowledge is not a continuous growth but is 
more like a staircase with a series of spurts 
and rests or stages . These stages are con- 
sidered by Bruner , Piaget, Lovell and others , 
to have certain characteristics . The first 
stages are highly manipulative , characterized 
by unstable and single track attention in 
whioh knowing is essentially, as Bruner (p, 

27) puts it, "knowing how to do," There fol- 
lows a period in which the child is able to 
represent greater pieces of his environment 
by imagery and whioh reaches a peak at about 
the ages of five to seven. Finally, around 
adolescence, language becomes important as 
a medium of thought and the child is able to 
deal with his environment by means of sym- 
bols and abstractions , 

To be successful, then, a learning theory 
must take cognizance of the development of 
the pupil , As Stendler (1962, p, 3*7) notes , 
the limits are established by maturation such 
that, " sixteen-year-old thinkers can never be 
made of six-year-olds," From the work of 
Inhelder and Piaget (1958), Lovell (1966), and 
Elkind (1961), it appears that there. is a lower 
limit beyond which the child is unable to 
grasp certain ideas or concepts , such as 
those related to conservation. This factor, 
from Bruner's point of view, has roots both in 
the motivation of the learner and in his past 
experience . 

With respect to the latter, Bruner (1966) 
suggests that the necessary experience can 
be provided for the child in such a way as to 
increase his readiness to deal With a concept 
or idea. Along a similar line, Waetjen (1965) 
notes that a child's ability to cope with new 
material can be effectively increased by first 
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the f emerai ooMepts imder whitih 
the ohtM may Inoluide new knowledge . f he 
^Idoleney oi handlinf inlofmatioii through the 
use of oonoepts is pointed out by Ivany 
(1966, p. 37): 

The human organism has a built-in 
"gating*’ system that allows it to exist 
in such a milieu of information by select- 
ing out those pieces of information with 
which it will cope and gating out much 
other information that is perhaps rele- 
vant but which , in addition to all other 
information input, would create utter 
chaos in the human nervous system . 
Thus , any concept that the scientist 
forms must of necessity be a concept 
formulated on the basis of limited and 
selected information . 

The importance of motivation has long 
been stressed by educational psychologists . 
In this regard , Keislar (1962) views extrinsic 
reinforcement as an erroneous technique , 
suggesting instead that a teaching strategy 
relying upon intrinsic reinforcement is far 
more effective. It is just such intrinsic mo- 
tivation that Bruner (1966, p. 30) sees as 
arising from the activity of learning: 

, , , cognitive or intellectual mastery is 
rewarding . It is particularly so when 
the learner recognizes the cumulative 
power of learning , that learning one 
thing permits him to go on to something 



that before was out of reach , and so on 
toward such perfection as one may reach. 
Thus it follows that a learning theory as 
it pertains to science instruction must ulti- 
mately come to grips with the structure of the 
knowledge itself. The conceptual interre- 
latedness of soienoe makes it possible in the 
teaching of science to proceed from relatively 
concrete aspects of a concept at one age 
level to more precise and abstract under- 
standings at another age level , The value 
of such an approach is noted in Theory Into 
Action (National Science Teachers Associa- 
tion 1964, pp. 9-10): 

The conceptual structure ties past 
experience to the present and serves as 
a guide for the comprehension and 
assimilation of new facts and concepts . 
It serves as a basis for prediction of 
what will happen in a new problem or 
situation .... 

The ability to form science concepts 
depends upon the learner's own back- 
ground and the conditions under which 
he is taught. To insure in some measure 
the likelihood that a concept will be ac- 
quired , it must be presented and used in 
different contexts . In a well-organized 
course of study , concepts formed early 
in the year are used to develop new con- 
cepts that occur later. Concepts are 
most easily acquired when familiar and 
concrete perceptual materials are used. 
To enlarge the understanding of a con- 
cept requires that it be taught many 
times at different levels of abstraction. 
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II 

RiVliW OF RiLATiD LITIRATURE 



The Importanoe oi condepts in education 
has long been noted and discussed. How- 
ever^ the relationships among concepts and 
educationel processes have not been clearly 
delineated. In this respect Woodruff (1964, 
p, 81) notes: 

There has been a constant Inference that 
concepts have a significant place In 
man's thinking process/ but not until 
recently has anyone drawn a clear pic- 
ture of the nature of a concept or of Its 
actual relationship to behavior. The 
relationship of concepts to subject mat- 
ter has been equally vague but has been 
consistently Inferred. Concepts are 
closely Identified with knowledge. . . . 

Thus knowledge Is again receiving 
major attention but of a different kind . 
Nevertheless, there are still few. If any, 
hints In the literature that there may be 
a difference between verbal knowledge 
and conceptual knowledge, and this Is 
turning out to be a problem of major pro- 
portions to education. 

Investigations concerned with concepts 
have varied over a broad range of directions 
and aspects but have persisted since the 
early part of the century. Selected studies 
from this range concerning science concepts 
In the elementary school will be considered 
under the following three general categories: 

1) Studies dealing with the determination of 
what science concepts are held by chil- 
dren prior to formal Instruction; these 
have often been primarily psychologi- 
cally oriented . 

2, Investigations concerned with the appro- 
priateness of certain science concepts 
for Instruction of children of specific 
ages, grade levels, mental abilities or 
maturatlonal stages. 
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3) Attempts to evaluate the kinds or levels 
of understandings of science concepts 
achieved by elementary school children 
as a result of certain Instructional pro- 
cedures . 

DETERMINATION OF CONCEPTS HELD 

BY CHILDREN PRIOR TO INSTRUCTION 

With his Investigation of the develop- 
ment of children's concepts of causality, 
Piaget (1930) established a point of departure 
for many studies of the growth of scientific 
concepts . In his clinical Interview technique, 
Piaget utilized three methods of eliciting ex- 
planations from children . The first method 
Involved strictly verbal questions; the second 
consisted of half verbal and half practical 
questions wherein the movement of clouds , 
rivers or parts of machines were mentioned to 
the child who was then asked to explain this 
phenomenon; the third method Involved simple 
experiments carried out before the child who 
was then asked to explain what he observed. 
Piaget found a sequence of 17 types of causal 
explanation, each cliaracterlstlc of different 
stages of development. As a result of this 
and subsequent Investigations, Piaget (1964) 
elaborated a theory of cognitive development 
In which he Identified the four major stages 
In the development of the child: 

1) Sensory-motor, pre-verbal stage. 

2) Pre-operatlonal representation. 

3) Concrete operations . 

4) Formal or hypothetic-deductive 
operations . 

While Piaget's work provided the Impe- 
tus for many later concept studies , the find- 
ings of such Investigations were often In con- 
trast to those of Piaget. One such study Is 
that reported by Deutsche (1937) who Inves- 
tigated the development of children's concepts 







of causal reasoning with 732 pupils in Grades 
3“8. The test she used consisted of two 
forms: the first form involved demonstrations 
followed by questions asking for explanations 
of observed phenomena , the second involved 
only questions. The pupils' answers were 
rated as to adequacy by 13 judges and the 
rating values were then converted to weighted 
scores . 

Deutsche found that there was a much 
higher percentage of naturalistic answers 
than Piaget reported and concluded that the 
development of children's reasoning did not 
follow the stages suggested by Piaget. How- 
ever, she found the greatest increase in 
scores occurred between the ages of 11 and 
12, which is in accordance with the age sec 
by Piaget as that at which logical and me- 
chanical thinking appears. Further, she 
found that there was a very low correlation 
between intelligenoe and scores within any 
single age. group but that there was a fairly 
high relationship between school grade and 
score, even within a single age group. 

Oakes (1947), in a study he considered 
to be an extension of Piaget's work , analyzed 
the answers given by children to direct ques- 
tions regarding various natural phenomena. 

He also used questions which were entirely 
verbal and questions which were based upon 
demonstrations in calling for explanations of 
natural phenomena. Seventy-seven pupils in 
.kindergarten and 24 pupils in each of Grades 
2, 4 and 6 were interviewed and their re- 
sponses categorized as physical, non- 
physical, or, failure to explain. He con- 
cluded: 

1. Each subject, regardless of age, mental 
ability, or grade level, gave explana- 
tions of a wide variety of types . All 
types of answers were given by all age 
groups. 

2. No evidence was found to corroborate 
Piaget's interpretation that there is a 
definite stage in the child's thinking 
which is characteristic of a given age. 
The types of answers given by these 
subjects were influenced more by the 
nature of the problem, the way the ques- 
tion was worded, the child's background 
experience , and his vocabulary than by 
any other so-called mental structure for 
a given age. 

3. Although a few responses were enigmatic, 
the great majority were matter-of-fact, 
non-metaphysical; in other words natu- 
ralistic. 

4. In general, understanding of essential 
relationships increases with age. 
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In a similar study. King (1964) investi- 
gated the responses of more than 1200 chil- 
dren to a schedule of 70 questions dealing 
with estimation of length, time, direction; 
with volume, weight, shadows, night, sky; 
and with growth of living things , seasons, 
etc. He found that: 

1) Answers to 24 of the questions showed 
a steady increase with age; the ques- 
tions could all be answered by experi- 
ence without formal teaching . 

2) Thirteen of the questions showed defin- 
ite confusion and very little increase of 
correct response with age; these topics 
could not be easily understood without 
a more formal approach to supplement 
experience . 

3) Where children had the opportunity to 
give free answers to questions on sky 
and night, the types of responses were 
spread through all age groups with no 
one type of answer being typical of any • 
age group. 

From this he concludes that the evidence 
does not support Piaget's contention that 
there is a definite stage in the child's think- 
ing which is characteristic of a given age; 
that the type of response is apt to be deter- 
mined by the question, and that this is as 
likely to be true for adults as for children. 

He notes (p.276) with respect to the ques- 
tions on night and sky, "In both cases, with 
increase of age, reasoning gradually replaced 
descriptive words , percepts gave way to con- 
cepts. " 

Iribody (1963) used a demonstration- 
interview technique in questioning 50 kinder- 
garten pupils to determine the extent of their 
understanding of selected physical phenomena. 
The phenomena were selected by an analysis 
of widely used text series. The procedure 
followed was one of showing the child certain 
materials and asking him to predict what 
would happenunder given circumstances, per- 
forming the demonstration and having the 
child state what happened, and then asking 
for the child's explanation of the phenomena. 

Inbody noted (p. 275) that, "There seems 
to be little doubt that the nature of children's 
thinking changes with maturity and experience. 
It also seems that the kind of thinking a child 
can do at any given time places limitations on 
the type of instruction he can profitably uti- 
lize." He concluded that young children are 
capable of understanding cause and effect re- 
lationships, especially in events with which 
they have direct contact , but that adult logic 
is often meaningless to children and may lead 
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to overgeneralization and verbalization. 

A somewhat different approach was em- 
ployed by Silano (19S2) in his study to de- 
termine what information children possessed 
concerning the concept of magnetic phenom- 
ena and what processes were involved in 
children's thoughts. He presented pupils in 
first and third grades with magnets and strips 
of metals and observed the children experi- 
menting with the apparatus. During the peri- 
od of free discussion which followed, rec- 
ords were made of all pertinent discussion 
among the children. He found that the chil- 
dren's spontaneous remarks could be classi- 
fied into four major categories that were very 
similar for pupils in both grades , but that the 
younger children were more concerned with 
what happened while the older pupils were 
more concerned with why it happened. He 
concluded that teachers might best learn what 
and how the child thinks by listening to the 
child's verbal expression without interrupting, 
and that science instruction in the early 
grades should be chiefly in the form of direct 
experience . 

Haupt (1952) attempted to determine age 
and grade differences in children's experi- 
ences with, and explanations of, magnetism 
and whether children's concepts of magnetism 
parallel the historical development of man's 
knowledge of the subject. Pupils in Grades 
1-7 were interviewed while being permitted 
to play with magnets and other materials . 
Haupt found that with respect to the laws of 
magnetism , children in the lower grades had 
attained to concepts that were equivalent in 
complexity and maturity to those from chil- 
dren in the higher grades. He notes (p. 168) 
that, "This study of parallels of children's 
thinking with that of the race reveals primi- 
tive ideas that are used to conceptualize the 
raw data of experience . " 

Yuckenberg (1962) investigated the pre- 
instructional knowledge that first grade chil- 
dren had acquired concerning certain concepts 
of astronomy. Ten questions designed to de- 
termine the pupil's knowledge about simple 
concepts concerning the sun, moon, day, 
night and gravity were developed in consul- 
tation with an expert in the teaching of ele- 
mentary science. The concepts held by 
these children seemed to show that their im- 
mediate knowledge had been extended to in- 
clude many of the concepts held by adults . 
Yuckenberg concluded that it is possible to 
lay a foundation in the first grade for much of 
the knowledge essential to astronomical un- 
derstandings in the later grades, and that, 
since children showed a great deal of interest 
in the sun , moon , and earth and had some in- 



formation about these concepts , it might be 
wise to begin a study of astronomy at an ear- 
ly age. 

In another investigation concerning first 
grade pupils, Olmsted U964) inventoried the 
information such pupils had concerning 11 con- 
cepts found to be common to five recently pub- 
lished first grade textbooks . Eighteen ques- 
tions which included 30 different ideas inher- 
ent in the 1 1 concepts were the basis of indi- 
vidual interviews with 140 randomly selected 
beginning first grade pupils. He found; 

1) The evidence suggested that more diffi- 
cult science concepts could be intro- 
duced in the first grade. 

2) It appeared that more physical science 
concepts could be included in first grade 
texts than is presently the case. 

3) Differences between responses by boys 
and girls seemed to be of little concern. 

APPROPRIATENESS OF CERTAIN 
SCIENCE CONCEPTS 

Studies concerned with determining the 
appropriateness of specific science concepts 
for children with certain characteristics are 
based to a large extent upon the assumption 
that children are able to generalize. The va- 
lidity of such an assumption was the basis of 
an investigation by Croxton (1936). More 
specifically, he attempted to determine wheth- 
er pupils in Grades K— 8 were able to formulate 
and apply a principle after exposure to the es- 
sential experience basis in the form of demon- 
strations or directed play. He found that chil- 
dren at all grade levels were able to general- 
ize, that is, to formulate and apply principles, 
but that children in the higher primary, inter- 
mediate and junior high school grades were 
considerably more successful than those in 
kindergarten and lower primary grades . The 
higher scores earned by junior high school pu- 
pils, he concluded, were not so much due to 
superior ability to generalize as to added ex- 
perience . 

A slightly different approach was followed 
by Bailey (1939) who studied the extent to 
which pupils at different grade levels and with 
differing mental abilities were able to secure 
an understanding of certain science concepts . 
The concepts involved facts and principles 
necessary to the comprehension of power and 
were included in a science unit presented to 
pupils in Grades 6-9. Treatment of pupil 
scores was based on the grouping of pupils by 
sex and mental ability. Bailey found that only 
the boys of high mental ability were consis- 
tently able to do satisfactory work on the unit; 
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girls of high mental ability exhibited irregular 
achievement; boys and girls of low and mid- 
dle ability groups were unable to develop a 
satisfactory understanding of the unit, 

McCarthy (1952) investigated the prob- 
lem of where certain facts and principles of 
science could be taught profitably for the 
first time. Three experirflents were selected 
on the basis of simplicity of concept, ease 
of demonstration and minimum complex rea- 
soning required. The lever, the pulley and 
the inclined plane were used. Children in 
Grades K-4 were tested but most of the test- 
ing involved second grade pupils , McCarthy 
concluded that these three experiments in- 
volving concepts concerning work as defined 
in physics were suitable for the second grade, 

Reid (1954) analyzed the understanding 
of certain atomic energy concepts by pupils 
in Grades 4,5, and 6, He found that after in- 
struction, pupils in all grades made signifi- 
cant gains as measured by a multiple choice 
test and that groups seemed to gain more and 
show more understanding with added maturity. 
He concluded that many children in Grades 4, 

5 , and 6 , under certain methods of instruction, 
could benefit from technical atomic energy 
instruction, 

A different technique of determining the 
appropriateness of concepts for elementary 
school pupils was used by Leonelli (1955) 
who conducted a survey of elementary sci- 
ence specialists and elementary teachers en- 
gaged in teaching science. He attempted to 
determine the physical science principles 
which should be included in the curriculum 
for Grades 1-6, the reason for inclusion of 
the principle and the grade or grades wherein 
the principle should be introduced. 

Eighty-four persons answered the por- 
tions of the survey dealing with the inclusion 
of the principles and reasons for their inclu- 
sion, and 80 persons answered that portion 
dealing with grade placement. Of the 81 
principles presented , the majority of the com- 
bined respondents considered 72 as being 
acceptable for inclusion in the curriculum, 
with a majority of the specialists favoring 
retention of 48 of the principles and a major- 
ity of the teachers favoring retention of 72 of 
the principles. From the list of aims provid- 
ed as reasons for inclusion of the principles , 
the majority of respondents felt that the most 
Important was that the principle contributed 
to a change in pupil behavior through an in- 
terest in and an interpretation of the environ- 
ment, While there was a lack of agreement 
on the placement of a given principle in any 
one grade, areas of two or three grades were 

often designated as appropriate for the intro- 
duction of the principle. 



In a Study involving 15 elementary 
schools and 700 pupils in Grades 4 and 6, 
Oxendine (1958) attempted to determine the 
appropriate grade placement of the physical 
science principle that sound is produced 
by vibrating material. The pupils were pre- 
tested , randomly separated into two groups 
with the experimental group given a lecture- 
demonstration by the classroom teacher and 
the control group given science booklets to 
read , and then posttested , Oxendine con- 
cluded that the mental age level of 11-12 was 
the point where pupils indicated mastery of 
the text, and that this principle might most 
profitably be introduced at the sixth grade 
level , 

Read (1958) summarized more than twen- 
ty studies all of which attempted to determine 
whether pupils could learn to apply some ba- 
sic principles of science in a written test and 
whether mental age and grade level were fac- 
tors in such learning , The procedure involved 
pretesting , a demonstration of a single prin- 
ciple accompanied by an oral exposition, and 
immediate posttesting , Most of the studies 
were conducted in five different schools and 
included two grades with a total number of pu- 
pils ranging from 175 to 250, From these 
studies , Read concluded that both mental age 
and maturation are factors in learning to apply 
basic principles of science. He also predict- 
ed (p, 35 2) that "many of these basic science 
principles will be found capable of being 
learned by a substantial part of classes at 
lower grade levels than have traditionally 
been exposed to either the principles or the 
method, " 

The acquisition of concepts of light and 
sound by 118 pupils in the intermediate grades 
was investigated by Nelson (1960), Instruc- 
tion was carried on by teachers who had par- 
ticipated jin a workshop in physical science 
and then followed their own methods in teach- 
ing the pupils. Nelson found that: 

1) Instruction produced a significant gain 
in understanding of principles related to 
light and sound, 

2) The Sound Test showed a significant im- 
provement directly related to the grade 
of the pupil , 

3) Pupils from the relatively high social 
status schools and pupils from the rel- 
atively low social status schools sho^^ 
about the same gain, 

4) Grade and social status were not related 
to the amount of improvement but were 
related to the level of performance, 

5) The tests were significantly related to 
intelligence. 
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to the seoond phase of the study six 
first grade pupils were seleoted to be given 
tostruotion and six other pupils were seleoted 
as oontrols ®atobed on the basis of sex, in- 
telliisnoe and soianttflo vocabulary. The to- 
struotional materials inoluded 500 picture 
cards each aoooropanied by a written passage 
which was read to the pupils . Evaluation was 
by multiple-ohoioe response to items depicted 
in the picture s . MoNeil and Keislar found 
that none of the oontrols could answer ques- 
tions dealtog with the relation of moleoules 
states of matter, while the experimental 
subleots oould answer questions which dealt 
with content similar to that used in the to- 
struotional materials but failed to generalize 
to new situations . They also found that the 
subjects were able to read and interpret sym- 
bolio diagrams , and to use them to arrive at 
soienoe oonoepts . 

MoCombs (1963) studied the problem of 
if^pintlfy ing basio soAentifio oonoepts appro- 
priate for pupils to kindergarten through ^ 

should aid to tbi development of these oon- 
oepts . A survey of soienoe textbooks for 
Qrades K-1 2 led to the identifioation of three 
oonoepts for each of the major science areas 



^i¥o» thsse,^^ 12 Moto^^ 

^ grades were derived, Lab®tatory 

s®ip-8rtM®et were designed to 




were? 

1 ) 



4) 



U4i 00*1^ 

©onolusions 



of basio soienoe oonoepts 
should be a primary objective of the ele- 
sohool. 

i i^ingt nwl ohara oterl sties of the 
,uld be oonsidered more oom- 
to piafflaiag a soienoe program . 
The child's ability to recognise oausal 
relationships should be developed 
through appropriate soienoe experiences , 
and oonoepts should be 
through probiem solving and 
applied induotively. 





Dennis (1966) inve stigat ed the lower ef- 
fective limit below which ohildren oould not 
adequately oomprehend seleoted aspects of 
the ktoetio theory of matter. Approximately 
200 pupils to Grades 2-6 were separated into 
high and low ability groups aooordtog to their 
IQ scores and presented with a series of les- 
sons dealing with three oonoepts related to 
the kinetio theory of matter. The lessons 
were designed to prevent low reading ability 
from interfering with a pupil's learning of sci- 
ence. In line with this policy, there were no 
outside written assignments and no outside 
written material to read , and all laboratory 
tostruotion s were written to Pittman's Initial 
Teaching Alphabet (i/t/a). When a new word 
was mentioned , the word was placed on a felt 
board . Dennis found that the oonoepts were 
not effectively taught to pupils of low ability 
in the third grade nor to pupils of either low 
or high ability in the seoond grade and oon- 
oluded that these oonoepts should not be in- 
troduced below the high ability third grade 



EVALUATION OF UNDERSTANDINGS 
OF CONCEPTS 

One of the early studies of evaluation of 
understanding s-of oonoepts was that by 
Howard (1943) in which Jie established (p. 2) 
an operational definition of item oomplexity 
as a basis for his investigation: 

It is possible that the mental proces- 
ses involved in selecting the most appro- 
priate answer may vary from item to item. 
Some may be more complex than others . 
For some items the mental processes re- 



quirt the recjall of but one speciiic bit 
of information , the answer ooming al- 
most automatioally , if it is known. . . . 
Another item may be much more oom- 
piesc, requiring the reoall and interre- 
lating of a oonsiderable web of infor- 
mation .... Items may be found that are 
intermediate. , . .One may then think of 
the test items as graded along a scale 
of complejcity from those requiring the 
simplest reoall to those requiring the 
greatest oompls^c of reoall and inter- 
adtion of ideas. 

The items of the Cooperative General 
Solenoe Test, Form 1937, were rated for com- 
pleacity by three panels of judges . One panel 
was com posed of six experts knowledgeable 
in science; one panel was composed of six 
good college sophomore students; and one 
panel was composed of six poor college soph- 
omcMre students. Howard found that the items 
could be reliably placed along a complexity 
continuum by expert judges and that their 
judgment appeared to be uninfluenced by 
item difficulty, independent of the validity 
of the items as measures of intelligence and 
independent of the validity of the items as 
measures of science achievement. As he 
states (p.43), "Item complexity, judged by 
experts, is here accepted as a distinct and 
reliably assessed characteristic of test items." 

The items were then grouped according 
to their complexity into five subtests and ad- 
ministered to 1000 students at six colleges 
and universities . From this portion of the 
Study Howard determined that there were no 
significant differences among the tests as 
measures of either science achievement or 
mental ability. He concluded (p. 43) that, 
"Use of complex items does not mean that 
the students are being 'graded' on the basis 
of their mental ability." 

Scott (1964) investigated the relationship 
of individual differences in cognitive style 
with respect to science concept achievement. 
Each of the 12 teachers participating in the 
study received two weeks of inquiry training 
and then developed a concept achievement 
test of the PCE (Predict, Control, Explain) 
type devised by Suchraan and a series of les- 
sons to be used in the instruction of pupils. 
Two hundred subjects were selected; 100 in 
each of the 10-year old and 11-year old 
ranges. Each age range consisted of 50 
children of each sex, and each group was 
further divided into 25 highs and 25 lows on 
the basis of concept achievement scores. In- 
ductive reasoning, concept achievement and 
cognitive style in categorization behavior 



was measured for each subject. Scott found 
that; 

1) Success on the science concept test 
could predict success on the inductive 
reasoning test. 

2) Cognitive styles in categorization be- 
havior were dependent on science con- 
cept achievement in the 11 -year old 
range and for girls in both ranges . 

3) Ten-year old girls made higher scores 
on inductive reasoning than did 10 -year 
old boys. 

4) Among the low groups , 1 1 -year olds had 
a higher inductive reasoning ability than 
did 10 -year olds , and 1 1 -year old boys 
exhibited fewer cognitive style labels 
than did 10-year old boys . 

Smith and Victor (1961) attempted to de- 
termine if a significant relationship existed 
between success in understanding generaliza- 
tions about the topic of light and certain 
standardized tests of academic achievement 
and mental ability. The determination of such 
a relationship was seen as useful in making 
recommendations for the normative grade 
placement of the science concepts considered 
in the study. Grade norms were established 
by means of the Stanford Achievement tests 
and the Kuhlmann -Anderson IQ tests. Under- 
standing of particular concepts was measured 
by the Light Test developed for the study. 
Concepts and generalizations were selected 
from texts commonly used in junior and senior 
high schools and organized into instructional 
units. The instructional units contained dem- 
onstrations and reading materials which were 
pr^ehented to 260 pupils in Grades 4-6. They 
found three basic patterns of difficulty ap- 
peared when the percent of the class answer- 
ing the item correctly was plotted against 
grade norms: 

1) Pattern One was typical of questions 
asking for the meaning of a word or re- 
quiring pupils to identify the shape of 
an object. 

2) Pattern Two was typical of questions 
asking for the application of an under- 
standing or concept. 

3) Pattern Three was typical of questions 
where the pupil was required to know 
the meaning of at least two objects or 
definitions and to apply this in a com- 
plex situation . 

In a study somewhat similar to the pre- 
ceding, Pollach (1963) examined the relation- 
ships between tests of intelligence and read- 
ing and levels of concept development in terms 
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of a hierarohy of understaridinig defined as 
knowledge, eom prehension and appUoation. 
The terms, knowledge, com prehens Ion and 
application, were operationally defined and 
tests to measure these factors were devel- 
oped and validated on the basis of solenoe 
content presented by means of a film presen- 
tation, An eacperimental group of 117 fifth 
grade pupils saw the films and was tested 
while a control group of 50 fifth grade pupils 
was tested without viewing the films. Major 
findings were: 

1) Difficulties in sorting raised doubts as 
to the effectiveness of such oategoriza- 
tion , 

2) The relationships between the tests were 
of such an order that would cause one to 
question the validity of the hypothesis 
that items measuring comprehension and 
application were indeed measuring dif- 
ferent things, 

3) There was little evidence to support the 
hypothesis that abilities measured by 
the test of application were more re- 
lated to intelligence than abilities mea- 
sured by the test of knowledge , 

4) There was evidence that knowledge of 
subject matter was a better predictor of 
behavior on the test of comprehension or 
application than test scores in reading 
or intelligence. 

In one of the most comprehensive studies 
concerned with evaluation of understanding , 
Kropp and Stoker (1966) undertook to deter- 
mine the construct validity of the classifica- 
tion scheme presented in the Taxcnomy of 
Educational Qblectives . Handbook I: 
Cognitive Domain , Three questions were 
considered (p, 164): 

1) Can empirical evidence be found to sup- 
port or refute the imputed hierarchical 

structure ? 

2) Can empirical evidence be found to sup- 
port or refute the imputed generality of 
the several cognitive processes? 

3) Can each level of the jatructure be ex- 
plained by more elemental cognitive ap- 
titudes, and, if so, do the combinations 



or numbers ofthem ohajigesystemat^^ 
from one level to the neitt ? 

Pour taxonomy-type tests were con- 
structed for use with pupils in Grades 9-12, 
The tests involved reading a passage which 
presented relevant content upon which the 
test items were based. Each test consisted 
of six subtests corresponding to the major 
levels of the taxonomy , The subtests for 
knowledge, comprehension, application and 
analysis each consisted of 20 four-oholoe 
items while the subtests for Synthesis con- 
sisted of five free-response items and the 
subtests for Evaluation consisted of ten free- 
response items , The tests were administered 
to approxlmutely 1 600 pupils in each of the 
four grades in 10 Florida schools , In addi- 
tion , 37 cognitive aptitude tests were select- 
ed for use in the study and administered to 
approximately 275 pupils from each grade. 
From the results of the study it was con- 
cluded that: 

1 ) There was a clear tendency for the data 
to support the imputed hierarchical 
structure of the taxonomy , indicating 
that the taxonomy does increase in com- 
plexity from Knowledge through Evalua- 
tion , 

2) The data suggests that scores are prob- 
ably determined by complex interactions 
of content and process, rather than by 
processes that transcend various con- 
tent materials , suggesting that Applica- 
tion in science may not be identical 
with Application in mathematics , 

3) Some patterns emerged which suggested 
somewhat systematic changes in factor 
structure of process levels and grades, 
but since cognitive factors at each 
level common to all grades could not be 
extracted , no definitive statement about 
them could be made. 

While the present study derives founda- 
tional background from those investigations 
in the first of the three foregoing categories , 
present concern is primarily with levels of 
understanding achieved by pupils receiving 
certain instruction. Therefore , this investi- 
gation is more closely allied with the studies 
of the latter types dealing with the appropri- 
ateness of concepts and methods of evaluation , 
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PROCEDURE 



CONCiPTS 

The seleotion of the oonoepts firom the 
conoeptual soheoie — foroe-^ involved the use 
of the following (complete listings are in the 
AppendiK); 

1. eight college physios textbooks, 

2. three reference books pertaining to 
oonoepts in physios, 

3. seven high school physios text- 
books, 

4. five high sohool physical soienoe 
textbooks , 

5. eight elementary soienoe series 
each oonsisting of six texts for 
Grades 1-6. 

The selected oonoepts were placed in an 
ordered sequence based upon the logic of the 
subject matter content and submitted for eval- 
uation to a physicist and to a panel of eight 
science eduoators at the University of 
Wisconsin. Following the evaluation and 
pilot testing the sequence and the wording of 
certain concepts were modified to minimize 
the diflioulty for the pupils . 



INSTRUCTION 

An instruotional unit utilizing demonstra- 
tion -discussion techniques was developed 
for presenting each of the selected concepts. 
Demonstrations, apparatus, films, film clips, 
key questions, and posters were devised or 
selected for use in presenting and applying 
the components of each oonoept. The order 
of events within each unit was fixed to en- 
sure that all pupils received comparable in- 
struction . 

Teaching periods were of 30 minutes 
duration with about 25 minutes devoted to 
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direct instruction. The teaching was carried 
on in one room in which the group of selected 
pupils from a given grade were assembled . 
Classes met at a regularly scheduled time 
each day. 

Presentation of the oonoepts followed an 
outline written on the chalkboard and utilized 
demonstrations, discussions, films, and film 
clips . Demonstrations involved the use of an 
air track , toy cars and tractor, spring-loaded 
carts , magnets , balloons , and a Van de Graaff 
generator. Discussions were guided by ques- 
tions from the teacher designed to emphasize 
certain aspects of the concepts . Films were 
utilized in the presentation of some oonoepts . 
Each lesson was terminated with a review of 
the concept using a concept poster. All 
teaching was done by the investigator. The 
lessons are available in Working Paper No. 11 
of the Center (Helgeson, 1967) . 

EVALUATION 

Instruments of the paper and pencil mul- 
tiple response type were developed for use in 
measuring learner achievement in understand- 
ing each of the concepts . The items were de- 
signed for use in testing achievement at the 
knowledge, comprehension and application 
levels of understanding (Bloom , 1956; Hedges, 
1966). 

1 . Knowledge - requiring that the pupil 
remember information either by recall or 
recognition, whether this be knowledge 
of specifics , of ways and means of deal- 
ing with specifics , or of universals and 
generalities within a field . 

2. Comprehension - wherein the pupil 
is expected to be able to translate infor- 
mation into other words or modes of com- 
munication, interpret information such as 
graphs and pictorial representations , and 
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to b@ ablt to ©jctrapolatt, Inoluding the 
makJtog of prodiotioai bi8od o® u®dtr- 
stQ®dlng of treads , te®de®o4©s ead oo®- 
ditions . Included at this level is the 
ability to apply a geaieralizatlo® when 
its use has bee® specified. 

3. Application - requires that the pupil 
be able to select and use the correct gen- 
eralization in a new situation or problem 
without being prompted as to which gener- 
alization is correct or being shown how 
it is to be applied in the new situation . 

The design of the evaluation instruments 
made it necessary for the pupils to check 
each item choice as "Yes" or "Nq. " Because 
a chance score of 50% correct responses could 
be attained under these conditions ; it was de- 
cided following the pilot run to rqodify the 
items to require the pupils to select the one 
best response from among four possible alter- 
natives . The instruments included 15 items 
per concept; five items were devoted to each 
of the knowledge , com prehension and appli- 
cation levels . Comprehension and applica- 
tion type items all in eluded the use of dia- 
grams to aid in establishing conditions dis- 
similar from instructional sequences. Evalu- 
ation instruments may also be found in the 
Working Paper (Helgeson , 1967) . 

Because testing every day during the 
pilot Study seemed to cause considerable 
negative reaction among the pupils , it was 
decided to group the evaluation instruments 
into three testing units . Pupil achievement 
was evaluated after teaching the first three 
concepts, after teaching Concepts 4, 5 and 
6, and after teaching the seventh and eighth 
concepts . Testing took place during the reg- 
ularly scheduled 30 minute class period. In 
order to minimize reading difficulty, all direc- 
tions, descriptions of conditions, items, and 
responses were read to the pupils by the in- 
vestigator. 

SAMPLE SELECTION 

Selection of the school population was 
based upon the following requirements . 

1. Diversity of occupations and socio- 
economic positions among the adult pop- 
ulation in the area from which the sample 
was to be drawn . 

2. Minimum of 75 pupils per grade in Grades 

2 - 6 . 

3. Random selection of 15 pupils per grade 
permitted . 

4. All selected pupils from a given grade to 



be assembled and taught at one time. 

5 . Single room for teaching where equipment 
could be set up. 

6. Thirty minute class periods available . 

7 . Three weeks permitted for study to be 
carried out. 

A school in midwe stern Wisconsin met the 
foregoing criteria and was selected for this 
investigation . 

It was determined that a minimum of 10 
pupils per grade was necessary to provide 
reliable results . Since the instruction was to 
be the same for all pupils , any pupil who was 
absent at any time during the study was to be 
omitted firom the sample. The smallest number 
of pupils in any grade who were present for the 
entire study was set as the limit and pupils 
were randomly excluded from the other grades 
to yield an equal number of pupils per grade . 

Class rosters were obtained for all pupils 
in Grades 2-6 enrolled in the school. The 
names of the pupils were arranged in alphabet- 
ical order within each grade and assigned num- 
bers in chronological order. A table of random 
numbers was used to select 15 pupils from 
each grade for the investigation . 



ANALYSIS OF DATA 

Data from the investigation were sub- 
jected to the following analyses: 

1. Reliabilities of the three sections of 
the test instrument were determined by means 
of the Generalized Item and Test Analysis 
Program (Baker, 1966) . This computer program 
utilizes the Hoyt Analysis of Variance proce- 
dure in computing the internal consistency 
reliability. (Reliability coefficients are pre- 
sented in Helgeson, 1968). 

2. Differences among the mean test 
scores achieved by pupils were tested for sig- 
nificance using one-way analysis of variance 
techniques with a significance level of .05. 
Computations were accomplished by means of 
the ONEWAY 1 com puter program (Minich, 1966). 

3. Newman-Keuls post-hoc tests were 
used to determine wherein significant differ- 
ences occurred. 

4. Correlations between test scores 
and IQ were calculated using the REGEL com- 
puter program (Jaffarian, 1966). This program 
employs the Pearson product-moment method 
of determining correlation coefficients . Sig- 
nificance tests for the correlation coefficients' 
were executed with a significance level of . 05, 
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ACMIiVlMlNT CUTiRIA 

Tast saora aohiavamant oi tha pupils was 
oomparad to tha following oritarlai 

1 . The mean score aohieved by the pu- 
pils in any grade was significantly 
batter than chance . 
g. M least 50% of the pnpils in any 
grade attained scores at least 15% 
above chance. 

The mean score was determined to be 
significantly greater than chance when it ex- 
ceeded the critical value X, which was cal- 
culated by: X = U + ^.95 (based on 

y N 



formula for standard score for means , Walker 
and Lev, II5S) , where is the mean of the 
distribution of means of all pcsslble random 
samples from a theoretical distribution of 
random guessing scores, Z is the stan- 
dard score for means with confidence coeffi- 
cient 0.95, is the ytandard deviation of 
the theoretical distribution of means of random 
guessing scores, and N is the number of sub- 
jects in the sample (calculation of cr^ and 
based on Gulliksen, 1950) . 















mum 



IV 

RiSULTS 



The results of the investigation will be 
presented in three sections^ i) the selected 
conoepts in ordered sequence, 2) the final 
sample, and 3) the results of the testing. 



SiLiCTiD CONCIPTS 

The oonoepts selected from within the 
conq^tual scheme force are presented ac- 
cording to the instructional sequence followed 
in^’the study. 

1 . Forces are interactions between 
material bodies , acting as pushes 
and pulls , that cause changes in 
motion . 

2. A force acting on a body may cause 
it to accelerate. 

3. Forces have magnitude and direction. 

4. The acceleration, or change of mo- 
tion, of a body is proportional to the 
magnitude of the force acting upon it. 

5. Interactions, or forces, between 
bodies involve actions and reactions. 

6. When all the forces acting on a body 
are in balance, there is no change 
in its motion. 

7 . There are different kinds of forces 
with different origins , but all origi- 
nate in matter and act upon matter. 

8. Forces can be represented by vectors 
which can be added, subtracted, or 
resolved into components. 

FINAL SAMPLE 

After removing those pupils who were 
absent at some time during the study and 
randomly excluding enough others to yield an 
equal number of pupils per grade, the final 
sample contained 12 pupils per grade. 



RiSULTS OF TiSTING 

The results of the testing program will 
be presented for the knowledge, comprehen- 
sion and application levels for each concept. 



Concept One 

Forces are interactions between material 
bodies, acting as pushes and pulls, that 
cause changes in motion. 



TABLE 1. 

CONCEPT 1 . MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Grade 


Levels of Understanding 


Knowledge 


Comprehension 


Application 


2 


2.00 


1.92 


1.50 


3 


3.08 


2.00 


2.75 


4 


2.50 


3.33 


2.25 


5 


2.25 


3.08 


2.50 


6 


3.08 


3.08 


2.92 



I. It is noted from Table 1 that: 

A. The mean scores were lower at the 
knowledge level than at the compre- 
hension level for pupils in Grades 
4, 5 and 6. 

B. The mean scores were higher at the 
knowledge level tjian at the applica- 
tion level for all pupils except those 
in Grade 5. 

C. The mean scores were higher at the 
comprehension level than at the ap- 
plication level for all pupils except 
those in Grade 3. 
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H, Ixaminiitlon of the results for the knowl- 
edge « oomprehension and applioation 
levels separately revealed the following: 
A. Knowledge 

No significant differences existed 
among the mean scores achieved by 
the pupils in the various grades 
(Table 2). 



TABLE 2. 

CONCEPT 1. KNOWLEDGE. SUMMARY TABLE 

for the analysis of variance with an 

ALPHA OF .05 



Source 


df MS 


F F (Critical) 


Between 

Grades 


4 2.88 


1.70 2.54 


Within 


55 1.69 




Total 59 



TABLE 3. 

CONCEPT 1 . COMPREHENSION. SUMMARY 

table for the analysis of variance with 

AN ALPHA OF .05 



Source 


df 


MS 


F F (Critioal) 


Between 

Grades 


4 


5.39 


3.39 2.54 


Within 


55 


1.59 




Total 


59 







B. Comprehension 

Significant differences existed 
amcng the mean scores achieved by 
pupils in the various grades (Table 
3). The application of post-hoc 
tests failed to reveal the pairs of 
means between which significant 
differences existed (Tables 4 and 5). 



C. Application 

Significant differences existed 
among the mean scores achieved by 
pupils in the various grades (Table 
6) . The mean score achieved by pu- 
pils in Grades 3, 5 and 6 was sig- 
nificantly higher than that achieved 
by the pupils in Grade 2 (Tables 7 
and 8) . 



TABLE 4 

CONCEPT 1. GOMFRlHlNilON, DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



2 3 5 6 4 

Grade — ' 

Means 1.92 2.00 3 . 08 3 . 08 3. 33 



2 

3 

5 

6 

4 



*p < .05 (groups listed by rank order) 


TABLE 5. 

CONCEPT 1 . COMPREHENSION . 
VALUES FOR NEWMAN-KEULS 


CRITICAL 

TEST 


r 


2 3 


4 5 


q.95 (r, 55) . 

g , 95 (r, 55) / 


2.84 3.41 


3.76 4.00 


^ error i .02 1.23 


1.35 1.44 


j 


n 





1.92 

2.00 

3.08 

3.08 

3.33 



.08 1.16 1.16 1.41 
0 1.08 1.08 1.33 

0 0 . 25 

0 . 25 

0 



TABLE 6 

CONCEPT 1 . APPLICATION. SUMMARY TABLE 

for the analysis of variance with an 

ALPHA OF .05 



Source 


df 


MS F 


F (Critical) 


Between 

Grades 


4 


3.69 3''-80 

1 . 


' 2.54 


Within 


55 






Total 


59 







TABLE 7. 

CONCEPT 1. APPLICATION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



Grade 

Means 



2 



1.50 



4 



2.25 



5 



2750 



3 



2.75 



6 



2.92 



2 1.50 0 

4 2.25 

5 2.50 

3 2.75 

6 2.92 



.75 1.00* 

0 .25 

0 



1.25* 1.42* 
.50 .67 

.25 .42 

0 .15 

0 



*p < .05 (Groups listed by rank order) 
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TABLE 8. 

CONCIPT 1, APPLICATION. CRITICAL VALUES 
FOR NEWMAN -KEULS TEST 



r 


2 3 4 5 


q.95 (r,55) 


2.84 3.41 3.76 4.00 


q.95 (r,55) / 


-80 -95 1.05 1.12 


V ^ 



III. Significant relationships between test 
scores and IQ were found at the knowl- 
edge level in Grades 4 and 6 , and at the 
comprehension level in Grade 2 (Table 9). 



TABLE 9. 

CONCEPT 1 . RELATIONSHIP BETWEEN PUPIL 
TEST SCORES AND IQ SCORES ACCORDING TO 
GRADE LEVEL 



Grade 


Knowledge 


Comprehension 


Application 


2 


-.293 


.725* 


.293 


3 


.196 


.235 


-.163 


4 


.590* 


.404 


.501 


5 


.491 


.093 


-.148 


6 


.584* 


.452 


.431 



♦Correlation coefficients significant at 
alpha = .05 
Critical value = .576 



IV. The mean scores exceed the critical 

chance score for all grades at all levels 
except for Grade 2 at the application 
level (Table 1 0) . 



TABLE 10. 

CONCEPT 1 . COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OF UNDERSTANDING 



Grade 


Levels of Understanding 


Knowledge 


Comprehension 


Application 


2 


2.00* 


1.92* 


1.50 


3 


3.08* 


2.00* 


2.75* 


4 


2.50* 


3.33* 


2.25* 


5 


2.25* 


3.08* 


2.50* 


6 


3.08* 


3.08* 


2.92* 



* Mean scores significantly greater than 
chance. 

Critical value =1.71 



V. At least 50% of the pupils in all classes 
attained scores at least 15% above 
chance at all levels of understanding 
with the exception of Grade 2 at the 
application level (Table 11). 



TABLE 11. 

CONCEPT 1 . NUMBER AND PERCENT OF PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERSTANDING 









Levels of Understanding 




Grade 














Knowledge 


Comprehension 


Application 




Number of 


Percent 


Number of 


Percent 


Number of Percent 




pupils 


of 


pupils 


of 


pupils of 




scoring 


class 


scoring 


class 


scoring class 




at least 




at least 




at least 




15 percent 




15 percent 




15 percent 




above chance 




above chance 




above chance 


2 


7 


58 


8 


67 


5 42 


3 


11 


91 


7 


58 


11 91 


4 


8 


67 


11 


91 


10 83 


5 


9 


75 


11 


91 


10 83 


6 


11 


91 


12 


100 


11 91 



Number of pupils per grade = 12. 
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Concept Two 



A force acting on a body may cause it to 
accelerate. 



TABLE 12. 

CONCEPT 2. MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 

Levels of Understanding 



Grade 


Knowledge 


Comprehension 


Application 


2 


1.83 


1.83 


1.67 


3 


2.83 


1.83 


2.25 


4 


3.58 


3.00 


3.42 


5 


2.75 


3.33 


2.58 


6 


3.42 


3.33 


2.42 



I. It is noted from Table 12 that: 

A. The mean scores were higher at the 
knowledge level than at the compre- 
hension level for pupils in Grades 3, 
4 and 6. 

B. The mean scores were higher at the 
knowledge level than at the applica- 
tion level for pupils in all grades. 

C. The mean scores were higher at the 
comprehension level than at the ap- 
plication level for pupils in Grades 
1 , 5 and 6. 

II. Examination of the results for the knowl- 
edge, comprehension and application 
levels separately reveals 'the following: 
A. Knowledge 

Significant differences existed 
among the mean scores acl ieved by 
pupils in the various grades (Table 
13). 



TABLE 13. 

CONCEPT 2. KNOWLEDGE. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source 


df 


MS 


F 


F (Critical) 


Between 

Grades 


4 


5.69 


3.21 


2.54 


Within 


55 


1.77 






Total 


59 









The mean scores achieved by pupils 
in Grades 4 and 6 are significantly 
higher than that aohieved by pupils 
in Grade 2 (Tables 14 and 15). 



TABLE 14. 

CONCEPT 2. KNOWLEDGE. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



Grade 


2 


5 


3 


6 


4 


Means 


1.83 


2.- 75 


2.83 


3.42 


3.58 


2 1.83 


0 


.92 


1.00 


1.59* 


1.75' 


5 2.75 




0 


.08 


.67 


.83 


3 2.83 






0 


.59 


.75 


6 3.42 








0 


.16 


4 3.58 










0 



* p < .05 (groups listed by rank order) 



TABLE 15. 

CONCEPT 2. KNOWLEDGE. CRITICAL VALUES^ 
FOR NEWMAN-KEULS TEST 



r 


2 


3 


4 


5 


q.95 (r,55) 


2.84 


3.41 


3.76 


4.00 


q.B5 (r , 55) > 


/ error 1.08 


1.30 


1.43 


1.52 


y 











B. Comprehension 

Significant differences existed 
among the mean scores achieved by 
pupils in the various grades (Table 
16). 



TABLE 16. 

CONCEPT 2. COMPREHENSION. SUMMARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF .05 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


7.17 


3.84 2.54 


Within 


55 


1.87 




Total 


59 







The application of post-hoc tests 
failed to reveal the pairs of means 
between which significant differences 
exist (Tables 17 and 18). 
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TABLE 17. 

CONCEPT 2. COMPREHENSION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



Grade 


2 


3 


4 


5 


6 




Means 


1.83 


1.83 


3.00 


3.33 


3.33 


2 


1.83 


0 


0 


1.17 


1.50 


1.50 


3 


1.83 




0 


1.17 


1.50 


1.50 


4 


3.00 






0 


.33 


.33 


5 


3.33 








0 


0 


6 


3.33 










0 



TABLE 20. 

CONCEPT 2. APPLICATION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



* p < .05 (groups listed by rank order) 



Grade 


2 3 


6 


5 


4 


Means 


1.67 2.25 


2.42 


2.58 


3.42 


2 1.67 


0 .58 


.75 


.91 


1.75 


3 2. 25 


0 


.17 


.33 


1.17 


6 2.42 




0 


.16 


1.00 


5 2.58 






0 


.84 


4 3.42 








0 



* p < .05 (groups listed by rank order) 



TABLE 18. 

CONCEPT 2. COMPREHENSION. CRITICAL 
VALUES FOR NEWMAN-KEULS TEST 



r 


2 


3 


4 


5 


q.95 (r, 55) 


2.84 

jTTZ 


3.41 


3.76 


4.00 


q.95 (r,55) / 


error 1.11 


1.33 


1.47 


1.56 



TABLE 21. 

CONCEPT 2. APPLICATION. CRITICAL 
VALUES FOR NEWMAN-KEULS TEST 



r 


2 


3 


4 


5 


q.95 (r, 55) 


2.84 


3.41 


3.76 


4.00 


q.95 (r, 55) y 


/MS 

/ error 1.05 


1.26 


1.39 


1.48 


y 


n 









C . Application 

Significant differences existed 
among the mean scores acheived by 
pupils in the various grades (Table 
19). 



TABLE 19. 

CONCEPT 2. APPLICATION. SUMlllARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF .05 



III. A significant relationship between test 
scores and IQ v/as found at the applica- 
tion level for Grade 2 (Table 22). 



TABLE 22. 

CONCEPT 2. RELATIONSHIP BETWEEN PUPIL 
TEST SCORES AND IQ SCORES ACCORDING TO 
GRADE LEVEL 

Grade Knowledge Comprehension Application 



Source 


df 


MS 


F F (Critical) 


2 .394 

3 .402 

4 .289 

5 .307 

6 .412 


- .329 

- .274 
.521 

- .177 
.312 


.580* 
- .489 
.258 
.219 
.0 27 


Between 

Grades 

Within 


4 

55 


4.82 

1.63 


2.95 2.54 


Total 


59 






* Correlation coefficients significant at 
alpha = .05 



Critical value = .576 



The mean score achieved by pupils 
in Grade 4 is significantly higher 
than that achieved by pupils in 
Grade 2 (Tables 20 and 21). 



IV. The mean scores exceeded the critical 

chance scores for all grades at all levels 
of understanding except for Grade 2 at the 
application level (Table 23) . 



TABLE 23. 

CONCEPT 2. COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OF UNDERSTANDING 



Grade 


Levels of Understanding 


Knowledge 


Comprehension 


Application 


2 


1.83* 


1.83* 


1.67 


3 


2.83* 


1.83* 


2.25* 


4 


3.58* 


3.00* 


3.42* 


5 


2.75* 


3.33* 


2.58* 


6 


3.42* 


3.33* 


2.42* 



* Mean scores significantly greater than 
chance 

Critical value = 1.71 



V. At least 50 percent of the pupils in 
all classes attained scores at least 
15 percent above chance at all levels 
of understanding with the exception of 
Grade 2 at the application level 
(Table 24). 



Concept Three 

Forces have magnitude and direction. 



table 25 . 

CONCEPT 3. MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Grade 


Levels of Understanding 


Knowledge 


Com prehen s ion 


Application 




2 


2.33 


1.92 


1.33 


3 


2.58 


3.17 


.75 


4 


2.83 


1.83 


1.42 


5 


2.58 


2.33 


1.58 


6 


2.75 


3.00 


2.00 



I. It is noted from Table 25 that: 

A. The mean scores were higher at the 
knowledge level than at the compre- 
hension level for all pupils except 
those in Grades 3 and 6. 

B. The mean scores were higher at the 
knowledge level than at the applica- 
tion level for pupils in all grades. 

C. The mean scores were higher at the 
comprehension level than at the ap- 
plication level for pupils in all grades . 



TABLE 24. I 

CONCEPT 2. NUMBER AND PERCENT OF PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERSTANDING 

Levels of Understanding 



Knowledge 

Grade 

Number of Percent 

pupils of 

scoring class 

at least 
15 percent 
above chance 



Comprehension 

Number of Percent 

pupils of 

scoring class 

at least 
15 percent 
above chance 



Application 



Number of Percent 

pupils of 

scoring class 

at least 
15 percent 
above chance 



2 


7 


58 


3 


11 


91 


4 


12 


100 


5 


10 


83 


6 


9 


75 



8 


67 


5 


42 


6 


50 


8 


67 


9 


75 


11 


91 


12 


100 


11 


91 


9 


75 


10 


83 



Number of pupils per grade = 12. 
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tspimitly rtfiala tte 



Ho ilgisiiloemt <ill!ar«:io<if 

lliit naiiii iooroi ooM«m4 



tmM as, 

COMCEPf I , IMOWLIDQI. iXJMMAiY 



TABLE PO 


R THE 


ANALYSIS OP VARI 
N ALPHA OP .05 


ANCE WITH 


Souroa 


d£ 


MS F 


P (Grltioil) 


iaiwaen 

Gredes 

Within 


4 

55 


.44 .36 

1.24 


2.54 


Total 59 



1 . OomprolioEiioA 

ilgsai&csaat 4ifil«r®no«s oKistod 
anojai ttoio maim sooras aohlavad by 
papUs in tba '^mrions fradas CJable 

a?). 



TAiiii a? . 

GOMCEfT 3. GOMPEIHIHSION. BUMMMY 
TABU FOR THI AHAEYiia OP VARIAKCl WITH 
AM ALPHA OP . 0§ 



Source 


df 


MS 


F F (CriUoal) 


letwean 

Grades 


4 


4.48 


2.97 2.54 


Within 


55 


1.51 




Total 


59 







COMClPt 



LIVIL 







4 2 


5 


6 


3 






1.83 1,92 


2.33 


3.00 


3.17 


4 


1 . 83 


0 .09 


.50 


1,17 


1,34 


2 


1.92 


0 


,41 


1,08 


1.25 


5 


2.33 




0 


.67 


.84 


6 


3.00 






0 


,17 


3 


3.17 








0 



* p < , Qi {groiupi Itstad by rank 



TABXl 2i . 

GOMGIPT 3, OOMPilHIMaiOM. QRITIGAL 
VALXJia POE MIWMAM-UIJLa TliT 



r 2 3 4 5 



q.95 Cr,55) 
q.SS ar,5S) 




2.84 3,4X 
,99 1.X9 



3.76 4.00 
1,32 1.40 



G. AppJioation 

aignifloimt diffaranQas ajdstad 
among tha maan' scores achieved by 
pupils in the various grades (Table 
30). 



TAiLE 30. 

CONCEPT 3. APPLICATION. SUMMARY TABLE 
FOR THE ANALYSIS OP VARIANCE WITH AN 
ALPHA OP .05 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


2.46 


2.56 2.54 


Within 


55 


.96 




Total 59 



The appUoation of post-hoc tests 
failed to re\r®al the pairs of 
means between which significant 
differences exist (Tables 28 and 
29). 



The mean score achieved by pupils 
in Grade 6 is significantly higher 
than that achieved by the pupils in 
Grade 3 (Tables 31 and 32) . 
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f Ai U 31 • 

GONCIPT 3. APFUGATlON i DIPFIFIKGIS 

iSWllH MIAK Tlif iCOFli BY GRADE LEVEL 




TABLE 33. 

OONGEFT 3. RELATIONSHIP BITWEIN PltPIL 
TEST S GORES AND IQ iOOREJ AGGOHDING TO 

grade level 



2 



4 



Gr^ds Kxiowledg© GoKipr©fe©nsiQii^ Applioation 



M®a.Es 



3 .75 

2 1.33 

4 1,42 

5 1,58 

a 2,00 



.75 1.33 


1.42 


1,58 


2.00 


2 


.064 


.384 


.181 


0 , SB 

0 


.67 

.09 

0 


.73 

.25 

.16 

0 


1.25* 

.67 

.56 

.42 


3 

4 

5 

6 


.134 

.347 

-.103 

.439 


.217 
- . 209 
. 235 
.671* 


.024 

.472 

.319 

.369 



0 



* p < . 05 {groups listed by ran.l§ order) 



* Correlation ooefflcients significant at 
alpha - .05 
Critical value = .576 



fABLE 32. 

CONCEPT 3. APPLICATION. CRITICAL VALUES 
for NEWMAN-KEULS TEST 



r 


2 


3 


4 


5 


q.95 (r,55) , — - — 


2.84 


3.41 


3.76 


4.00 


/ MS 

q.95 (r, 55) / 


.80 


.95 


1.05 


1.12 



TABLE 34. 

CONCEPT 3. COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 

grade and level of understanding 



Levels of Understanding 



Knowledge Comprehension Application 



ttt . a significant relationship between test 
scores and I.Q. was found at the com- 
prehension level for Grade 6 (Table 33) . 



2 2.33* 1.92t 


1.33 


3 2.58* 3.17* 


.75 


4 2.83* 1.83* 


1.42 


5 2.58* 2.33* 


1.58 


6 2.75* 3.00* 


2.00* 


*Mean scores significantly greater than chance 


Critical value = 1.71 




V. At least 50 percent of the 


pupils in all 



cent above chance at all levels of under- 
standing with the exceptions of Grades 2 , 

3 and 4 at the applioation level (Table 35). 




Number of 
pupils 
scoring 
at least 
15 percent 
above chance 




Number of 
pupils 
scoring 
at least 
15 percent 
above chance 




Number of 
pupils 
scoring 
at least 
15 percent 
above chance 




2 

3 

4 

5 

6 



9 

12 

9 

11 

11 



75 

100 

75 

91 

91 



7 

11 

7 

10 

9 



58 

91 

58 

83 

75 



4 

1 

4 

6 

8 



33 

8 

33 

50 

67 



Number of pupils per grade - 



23 



me 






Cone«pt Pour 

The aoqeleratiom , or ohanige or motion , 
of a body is proportional to the magnitude of 
the force acting upon it. 



T/VELE 36. 

CONCEPT 4. MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Levels of Understanding 



Grade 

Knowledge 


Com prehension 


Application 


2 .92 


2.25 


1.67 


3 1.67 


2.42 


1.67 


4 1.67 


3.08 


2.00 


5 1.92 


3.50 


2.33 


6 2.42 


3.58 


3.00 



I. It is noted from Table 36 that: 

A. The mean scores were low©: at the 
knowledge level than at the oompre- 
hension level for pupils in all grades. 

B. The mean scores at the knowledge 
level were lower than or equal to the 
mean soores at the a ppli cation level 
for pupils in all grades. 

C . The mean scores were higher at the 
com prehension level than at the ap- 
plication level for pupils in all grades. 

II. Examination of the results for the knowl- 
edge, com prehen Sion and application 
levels separately reveals the following: 

A. Knowledge 

No significant differences existed 
among the mean soores achieved by 
pupils in the various grades (Table 
37). 



TABLE 37. 

CONCEPT 4. KNOWLEDGE. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source df 


MS 


P F (Critical) 


Between 






Grades 4 


3.53 


2.42 2.54 


Within 55 


1.46 




Total 59 



B. Comprehension 

iignifioarrt dLKerenoes (^.sted 
among the mean s oores aohleved by 
pupils in the various grsdea (Table 
38). 

TABLE 38. 

CONCEPT 4. COMPREEENilON, SUMMARY 
TABLE FOR THE ANALYSIS OP VARIANCE V^H 
AN ALPHA OF . 05 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


4.48 


3.52 2.54 


Within 


55 


1.27 




Total 


59 







The mean soores achieved by the 
pupils in Grades 5 and 6 were sig- 
nificantly higher than that achieved 
by the pupils in Grade 2 (Tables 39 
and 40) . 

TABLE 39. 

CONCEPT 4. COMPREHENSION. DIPFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



2 


3 


4 


5 


6 


Qrade 

Means 2. 25 


2.42 


3.08 


3.50 


3.58 


2 2. 25 0 


.17 


.83 


1.25* 


1.33^ 


3 2.42 


0 


.66 


1.08 


1.16 


4 3.08 




0 


.42 


.50 


5 3.50 

6 3.58 






0 


.08 

0 



*p < .05 (groups listed by rank order) 



TABLE 40. 

CONCEPT 4. COMPREHENSION. CRITICAL 
VALUES FOR NEWMAN-KEULS TEST 



r 


2 


3 


4 5 


q.95 (r,55) 


2.84 


3.41 


3.76 4.00 


q.95 (r,55) / 


error .94 


1.13 


1.24 1.32 


y 


n 







C. Application 

Significant differences existed among 
the mean scores achieved by pupils 
in the various grades (Table 41) . 
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TAHI 41 . 

C0NC1PT4. APfiaOAflQH, SUMMARY TAIL! 
FOR WM ANALYSIS OF VARIANCl WITH AN 
ALPHA OF .05 



iource 


df 




F 


F (Critioal) 


Between 

Grades 

Within 


4 

55 


3.73 

1.27 


2.93 


2.54 


Total 59 



The mean soore aohieved by the pu- 
pils in Grade 6 is signifioantly 
higher than those aohieved by the 
pupils in Grades 2 and 4 (Tables 42 
and 43). 



TABLE 42. 

CONCEPT 4. APPLICATION’. DIFFIRENCIS 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 







2 


4 


3 


5 


6 


Grade 














Means 


1.67 


1.67 


2.00 


2.33 


3.00 


2 • 


1^-67 


0 


0 


.33 


.66 


1.33 


4 


1.67 




0 


.33 


.66 


1.33 


3 


2.00 






0 


.33 


1.00 


5 


2.33 








0 


.67 


6 


3.00 










0 



*P < .05 (groups listed by rank order) 



TABLE 43. 

CONCEPT 4. APPLICATION. CRITICAL VALUES 
FOR NEWMAN-KEULS TEST 



r 


2 


3 


4 


5 


q. 95 (r,55) 


2.84 


3.41 


3.76 


4.00 


q.95 (r,55) / 


/ MS Q4 

error 


1.13 


1.24 


1.32 


/ 


n 









TABLE 44. 

CONCEPT 4. REIJfflONiHlP ilPWm PUPIL 
TliT SCORli AND IQ f CORIi AOOOiRDING TO 
GRADE LEVEL 



Grade Knowledge Comprehension Applioation 



2 .201 -.047 

3 .443 -,321 

4 .471 .005 

5 .019 .470 

6 .503 .564 



.518 
. 289 



♦Correlation ooeffiGients signifio'ant at 
alpha .05 
CTltioal value = .576 



IV. The mean soore s e^eoeeded the orittoal 
ohanoe score for Grades 5 and 6 at the 
knowledge level, for all grades at the 
oomprehension level, and for Grades 4, 

5 and 6 at the applioation level (Table 45). 



TABLE 45 

CONCEPT 4. COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OF UNDERSTANDING 



Grades 


Levels of Understanding 


Knowledge 


Comprehension 


Applioation 




2 


.92 


2.25^ 


1.67 


3 


1.67 


2.42^ 


1.67 


4 


1.67 


3.08^ 


2.00^ 


5 


1.92^ 


3.50^ 


2.33^ 


6 


2.42^ 


3.58^ 


3.00^ 



♦Mean scores significantly greater than chance. 



Critical value = 1.71 



V. At least 50 percent of the pupils in all 
classes attained scores at least 15 per- 
cent above chance at all levels of under- 
standing with the exception of Grades 2 
and 3 at the knowledge level (Table 46) . 



III. No significant relationships between test 
scores and I.Q. are found (Table 44). 



Concept Five 

Interactions , or forces , between bodies 
involve actions and reactions . 
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miLi 4 6. 

CONCEPT 4. NUMllR AND PIRCINT OP PUPILS EARNING JJCORES AT LIAiT 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERfTANDING 



Levels of Understanding 


Knowledge Comprehension Application 


Grade Number of 
pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

class 


Number of 
pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

das s 


: Number of 

pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

dass 


2 3 


25 


9 


75 


6 


50 


3 4 


33 


9 


75 


8 


67 


4 6 


50 


12 


100 


7 


58 


5 7 


58 


12 


100 


10 


83 


6 a 


75 


12 


100 


11 


91 



Number of pupils per grade = 12. 



TABLE 47. 

CONCEPT 5 . MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 





Levels of Understanding 


uraaes 

Knowledge Comprehension 


Application 


2 


1.42 2.17 


1.33 


3 


1.00 2.50 


1.50 


4 


2.42 2.00 


1.42 


5 


1.83 2.83 


1.42 


6 


2.50 2.67 


2.50 



I. It is noted from Table 47 that: 

A. The mean scores were lower at the 
knowledge level than at the compre- 
hension level for all pupils except 
those in Grade 4. 

B. The mean scores were higher at the 
knowledge level than at the applica- 
tion level for pupils in Grades 2, 4 
and 5. 

C. The mean scores were higher at the 
comprehension level than at the ap- 
plication level for all pupils . 

II. Examination of the results for the knowl- 
edge, comprehension and application 
levels separately reveals the following: 

A. Knowledge 

Significant differences existed among 
the mean scores achieved by pupils 
in the various grades Clable 48). 



TABLE 48. 

CONCEPTS. KNOWLEDGE. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 



ALPHA OF .05 


Source 


df 


MS F F (Critical) 


Between 

Grades 

Within 


4 

55 


4.96 3.98 2.54 

1.24 


Total 


59 




The mean scores achieved by pupils 
in Grades 4 and 6 are significantly 
higher than that achieved by pupils 
in Grade 2 (Tables 49 and 50). 



TABLE 49. 

CONCEPT 5. KNOWLEDGE. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 


Grade 




3 2 


5 


4 


6 




Means 


1.00 1.42 


1.83 


2.42 


2.50 


3 


1.00 


0 .42 


.83 


1.42* 


1.50* 


2 


1.42 


0 


.41 


1.00 


1.08 


5 


1.83 




0 


.59 


.67 


4 


2.42 






0 


.08 


6 


2.50 








0 



* p < .05 (groups listed by rank order) 
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TAILI §0, 

CONCEPT 5 . KNOmiDQl. CRITICAL VALUES 
FOR NEWMAN-KEULS TEST 



r 



4 S 



q.9S 0^, 55) 
q.95 (r,55) 




2,84 

,91 



3.41 

1.09 



3.76 4.00 
1.20 1 . 28 



B. Comprehension 

No slgnifioant differences existed 
among the mean scores aohieved by 
the pupils in the various grades 
(Table 51). 



TABLE 51. 

CONCEPT 5. COMPREHENSION. SUMMARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF .05 



TABLE 53. 

CONCEPTS. APPLICATION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY ORADE 
LEVEL. 



Grade 2 4 5 3 6 



Means 1.33 1,42 1.42 1.50 2.50 



2 i.33 0 

4 1.42 

5 1.42 

3 1.50 

6 2.50 



.09 .09 

0 0 
0 



.67 1.67* 

.08 1.08* 
.08 1.08* 
0 1 . 00 * 
0 



* p < .05 (groups listed by rank order) 



TABLE 54. 

CONCEPT 5. APPLICATION. CRITICAL VALUES 
FOR NEWMAN-KEULS TEST 



r 



2 3 4 5 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


1.43 


1.55 2.54 


Within 


55 


.93 




Total 


59 







q.95 (r,55) 
q.95 (r, 55) 



MS 
error 



n 



2.84 



.74 



3.41 3.76 4.00 

.89 .98 1.04 



III. A significant relationship between test 
scores and I.Q. is found at the knowl- 
edge level in Grade 6 (Table 55). 



C. Application 

Significant differences existed 
among the mean scores achieved by 
the pupils in the various grades 
(Table 52). 

TABLE 5 2. 

CONCEPTS. APPLICATION. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


2.86 


3.53 2.54 


Within 


55 


.81 




Total 


59 







TABLE 55. 

CONCEPT 5. RELATIONSHIP BETWEEN PUPIL 
TEST SCORES AND IQ SCORES ACCORDING TO 
GRADE LEVEL 



Grade 


Knowledge 


Comprehension 


Application 


2 


.334 


.380 


.207 


3 


-.101 


.300 


. 286 


4 


.493 


.347 


.513 


5 


.330 


.402 


. 284 


6 


.773* 


-.117 


.301 



*Correlation coefficients significant at 
alpha = .05 
Critical value = .576 



The mean score achieved by pupils 
in Grade 6 is significantly higher 
than those achieved by pupils in 
the other grades (Tables 53 and 
54). 



IV. The mean scores exceeded the critical 
chance score for Grades 4, 5 and 6 at 
the knowledge level , for all grades at 
the comprehension level, and for only 
Grade 6 at the application level (Table 
56). 
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TABLI 16. 

CONCIPT 5 , COMPARISON OP MIAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OP UNDERSTANDING 



Levels of Understanding 


ijiraue 

Ki 


lowledge 


Comprehension 


Application 


2 


1.42 


2.17* 


1.33 


3 


1.00 


2.50* 


1.50 


4 


2.42* 


2.00* 


1.42 


5 


1.83* 


2.83* 


1.42 


6 


2.50* 


2.67* 


2.50* 



*M©an scores significantly greater than 
chance 

Critical value = 1.71 



V. At least 50 percent of the class attained 
scores at least 15 percent above chance 
in Grades 4 , 5 and 6 at the knowledge 
level, in all grades at the comprehension 
level, and only in Grade 6 at the appli- 
cation level (Table 57)* 



Concept Six 

When all the forces acting on a body are 
in balance, there is no change in its motion. 



TABLE 58. 

CONCEPT 6. MmN TEST SCORIS ARRANGED 
BY GRADE LEVEL AND LEVEL OP UNDERSTANDING 



Levels of Understanding 

Grade — — 

Knowledge Comprehension Application 



2 


2.08 


1.50 


.83 


3 


2.50 


1.67 


1.42 


4 


3.42 


1.67 


2.75 


5 


3.08 


2.75 


2.42 


6 


3.42 


2.75 


3.42 



I. It is noted from Table 58 that: 

A. The mean scores were higher at the 
knowledge level than at the compre- 
hension level for all pupils. 

B. The mean scores were higher at the 
knowledge level than at the applica- 
tion level for all pupils except those 
in Grade 6 where the mean scores 
were the same. 

C. The mean scores were higher at the 
comprehension level than at the ap- 
plication level for all pupils except 
those in Grades 4 and 6. 



TABLE 57. 

CONCEPT 5. NUMBER AND PERCENT OP PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERSTANDING 









Levels of Understanding 






Knowledge 


Comprehension 


Application 


Grade 


Number of 


Percent 


Number of 


Percent 


Number of Percent 




pupils 


of 


pupils • 


of 


pupils of 




scoring 


class 


scoring 


class 


scoring class 




at least 




at least 




at least 




15 percent 




15 percent 




15 percent 




above chance 




above chance 




above chance 


2 


4 


33 


8 


67 


5 42 


3 


3 


25 


11 


91 


5 42 


4 


9 


75 


9 


75 


3 25 


5 


7 


58 


11 


91 


3 25 


6 


9 


75 


11 


91 


11 91 



Number of pupils per grade = 12. 
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II, Examination of the results for the knowl- 
edge « oomprehension and applloation 
levels separately reveals the following: 

A. Knowledge 

Slgnlfloant differences existed 
among the mean scores achieved by 
pupils In the various grades (Table 
59), 

TABLE 59, 

CONCEPT 6, KNOWLEDGE. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source 


df 


MS 


F F (CTitical) 


Between 

Grades 


4 


4.18 


2.85 2.54 


Within 


55 


1.47 




Total 


59 







The application of post-hoc tests 
failed to reveal the pairs of means 
between which significant differences 
existed (Tables 60 and 61). 



TABLE 60. 

CONCEPT 6. KNOWLEDGE. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 





2 


3 


5 


4 


6 


Grade 












Means 


2.08 


2.50 


3.08 


3.42 


a. 42 


2 2.08 


0 


.42 


1.00 


1.34 


1.34 


3 2.50 




0 


.58 


.92 


.92 


5 3.08 






0 


.34 


.34 


4 3.42 








0 


0 


6 3.42 










0 



* p < ,05 (groups listed by rank order) 



B . Comprehension 

Slgnifloant differences existed 
among the mean scores achieved by 
pupils in the various grades (Table 
62). 

TABLE 62. 

CONCEPT 6. COMPREHENSION . SUMMARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF .05 



Source 


df 


MS 


F 


F (Critical) 


Between 

Grades 


4 


4.73 


3.8S 


1 2.54 


Within 


55 


1.22 






Total 


59 









The application of post-hoc tests 
failed to reveal the pairs of means 
between which significant differences 
existed (Tables 63 and 64) . 



TABLE 63. 

CONCEPT 6. COMPREHENSION . DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 





2 


3 


4 


5 


6 


Grade 












Means 


1.50 


1.67 


1.67 


2.75 


2.75 


2 1.50 


0 


.17 


.17 


1.25 


1.25 


3 1.67 




0 


0 


1.08 


1.08 


4 1.67 






0 


1.08 


1.08 


5 2.75 








0 


0 


6 2.75 










0 



* p < .05 (groups listed by rank order) 



TABLE 61. 

CONCEPT 6. KNOWLEDGE. CRITICAL VALUES 
FOR NEWMAN-KEULS TEST 



r 



4 5 



TABLE 64. 

CONCEPT 6. COMPREHENSION. CRITICAL 
VALUES FOR NEWMAN-KEULS TEST 



r 2 3 4 5 



q.95(r,55) 2.84 3.41 3.76 4.00 

q.95(r,55) error .99 1.19 1.32 1.40 



q.95 (r,55) 
q.95 (r,55) 



S 

error 



2.84 



.91 



3.41 

1.09 



3.76 4.00 
1.20 1.28 



C . Application 

Significant differences existed 
among the mean scores achieved by 
the pupils in the various grades. 
(Table 65) . 

TABLE 65. 

CONCEPT 6. APPLICATION. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 



ALPHA OF .05 


Source 


df 


MS F 


F (Critical) 


Between 

Grades 

Within 


4 

55 


12.92 10.35 

1.25 


2.54 


Total 


59 







TABLE 68. 

CONCEPT 6. RELATIONSHIP BETWEEN PUPIL 
TEST SCORES AND IQ SCORES ACCORDING TO 
GRADE LEVEL 



Grade Knowledge 


Comprehension 


Application 


2 -.025 


.265 


.296 


3 .227 


.183 


.335 


4 .879* 


.196 


.417 


5 -.278 


.286 


.192 


6 -.021 


.494 


-.027 



*CorTelation coefficients significant at 
alpha = .05 
Critical value = .576 



The mean scores achieved by the 
pupils in Grades 4 , 5 and 6 are sig- 
nificantly higher than those achieved 
by the pupils in Grades 2 and 3 
(Tables 66 and 67). 



IV. The mean scores exceeded the critical 

chance score for all grades at the knowl- 
edge level, for Grades 5 and 6 at the 
comprehension level, and for Grades 4, 

5 and 6 at the application level (Table 



TABLE 66. 

CONCEPT 6. APPLICATION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



Grade 


2 3 


5 


4 


6 


Means 


.83 1.42 


2.42 


2.75 


3.42 


2 .83 


0 .59 


1.59* 


1.92* 


2.59* 


3 1.42 


0 


1.00* 


1.33* 


2.00* 


5 2.42 




0 


.33 


1.00 


4 2.75 






0 


.67 


6 3.42 








0 


* p < . 05 (groups listed by rank order) 






TABLE 67 


• ' 






CONCEPT 6. 


APPLICATION 


. CRITICAL VALUES 


FOR NEWMAN-KEULS TEST 




r 


2 


3 


4 


5 


q.95 (r,55) 


2.84 


3.41 


3.76 


4.00 


q.95 (r,55) / 


MS. Qi 

error . 9 1 


1.09 


1.20 


1.28 


y 


n 









III. A significant relationship between test 
scores and I.Q. is found at the knowl- 
edge level in Grade 4 (Table 68). 



TABLE 69. 

CONCEPT 6. COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OF UNDERSTANDING 



Levels of Understanding 


Knowledge 


Comprehension 


Application 


2 2.08* • 


1.50 


.83 


3 2.50* 


1.67 


1.42 


4 3.42* 


. ■ 1.6. 7 


2.75* 


5 3.08* ■ 


. 2.75* 


2.^2* 


6 3.42* 


2.75* 


3.42* 



*Mean scores significantly greater than 
chance 

Critical value = 1.71 



V. At least 50 percent of all classes 
attained scores at least 15 percent 
above chance for all grades at all levels 
with the exception of Grade 4 at the 
comprehension level and Grade 2 at the 
application level (Table 70). 
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TABLE 70, 

CONCEPT 6. NUMBER AND PERCENT OF PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OP UNDERSTANDING 











Levels of Understanding 








Knowledge 




Comprehension 


Application 


Grade 




Number of 
pupils 


Percent 

of 


Number of 
pupils 


Percent 

of 


Number of 
pupils 


Percent 

of 




scoring 
at least 
15 percent 
above chance 


class 


scoring 
at least 
15 percent 
above chance 


class 


scoring 
at least 
15 percent 
above chance 


class 


2 


10 




83 


6 


50 


2 


17 


3 


11 




91 


8 


67 


6 


50 


4 


11 




31 


5 


42 


10 


83 


5 


11 




91 


11 


91 


8 


67 


6 


10 




83 


10 


83 


12 


100 



Number of pupils per grade = 12 



Concept Seven 

There are different kinds of forces with 
different origins , but all originate in matter 
and act upon matter. 

TABLE 71. 

CONCEPT 7. MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Levels of Understanding 



Grade Knowledge 


Comprehension Application 


2 1.50 


1-.83 


1.08 


3 3.08 


1.92 


1.58 


4 2.92 


2.17 


2.92 


5 2.83 


1.75 


2.92 


6 3.17 


2.17 


3.00 



I. It is noted from Table 71 that: 

A. The mean scores were higher at the 
knowledge level than at the compre- 
hension level for all pupils except 
those in Grade 2. 

B. The mean scores were higher at the 
knowledge level than at the applica- 
tion level for all pupils except those 
in Grades 4 and 5 . 

C. The mean scores were lower at the 
comprehension level than at the ap- 
plication level for all pupils except 
those in Grades 2 and 3 . 



II. Examination of the results for the knowl- 
edge, comprehension and application 
levels separately reveals the following: 

A. Knowledge 

Significant differences existed 
among the mean scores achieved by 
pupils in the various grades (Table 
72). 



TABLE 72. 

CONCEPT 7. KNOWLEDGE. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source 


df 


MS 


F F (Critical) 


Between 

Grades 


4 


5.61 


3.14 2.54 


Within 


55 


1.78 




Total 


59 







The mean scores achieved by the 
pupils in Grades 3,4,5 and 6 are 
significantly higher than that 
achieved by the pupils in Grade 2 
(Tables 73 and 74). 



O 
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TABLE 73. 

CONCEPT 7. KNOWLEDGE. DIFFERENCES 
BETWEEN MEANTEST SCORES BY GRADE LEVEL 



Grade 


2 5 4 


3 6 


Means 


1.50 2.83 2.92 


3.08 3.17 


2 1.50 

5 2.83 

4 2.92 

3 3.08 

6 3.17 


0 1.33* 1.42* 

0 .09 

0 


1.58* 1.67* 
.25 .34 

.16 .25 

0 .09 

0 


*p < .05 (groups listed by rank order) 








TABLE 74. 

CONCEPT 7. KNOWLEDGE. CRITICAL 
VALUES FOR NEWMAN-KEULS TEST 


r 


2 3 


4 5 


q.95 (r,55) 
q.95 (r,55) / 


, 2.84 3.41 


3.76 4.00 


' MS 

error 1.11 1.33 

n 


1.47 1.56 



B. Comprehension 

No significant differences existed 
among the mean scores achieved by 
pupils in the various grades (Table 
75). 

TABLE 75. 

CONCEPT 7. COMPREHENSION. SUMMARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF .05 



TABLE 76. 

CONCEPT 7. APPLICATION. SUMMARY TABLE 
FOR THE ANALYSIS OF VARIANCE WITH AN 
ALPHA OF .05 



Source 


df 


MS 


F 


F (Critical) 


Between 

Grades 


4 


9.73 


10.36 


2.54 


Within 


55 


.94 







Total 59 



TABLE 77. 

CONCEPT 7. APPLICATION. DIFFERENCES 
BETWEEN MEAN TEST SCORES BY GRADE LEVEL 



Grade 




2 3 


4 


5 6 


Means 


1.08 1.58 


2.92 


2.92 3.00 


2 


1.08 


0 .50 


1.84* 


1.84* 1.92* 


3 


1.58 


0 


1.34* 


1.34* 1.42* 


4 


2.92 




0 


0 .08 


5 


2.92 






0 .08 


6 


3.00 






0 


* p < 


.05 (groups listed by rank order) 






TABLE 78 


• 




CONCEPT 7, 


APPLICATION, 


. CRITICAL VALUES 




FOR NEWMAN-KEULS TEST 




r 


2 


3 


4 5 

0 


q.95 (r,55) 


2.84 


3.41 


3.76 4.00 


q.95 (r,55) / 


/ms on 

error . 80 


.95 


1.05 1.12 






n 







Source 


df 


MS 


F 


F (Critical) 


Between 

Grades 


4 


.44 


.31 


2.54 


Within 


55 


1.42 






Total 


59 









C. Application 

Significant differences existed 
among the mean scores achieved by 
the pupils in the various grades 
(Table 76). The mean scores achieved 
by the pupils in Grades 4, 5 and 6 
are significantly higher than those 
achieved by the pupils in Grades 2 
and 3 (Tables 77 and 78). 
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III. A significant relationship between test 
scores and I.Q. was found at the appli- 
cation level in Grade 5 (Table 79) . 

TABLE 79. 

CONCEPT 7 . RELATIONSHIP BETWEEN PUPIL 
TEST SCORES AND IQ SCORES ACCORDING TO 
GRADE LEVEL 



Grade Knowledge 


Comprehension 


Application 


2 .437 


.221 


.229 


3 .123 


-.062 


.336 


4 .562 


.330 


.439 


5 .077 


-.197 


.583* 


6 .507 


.203 


.478 



*Correlation coefficients significant at 
alpha = .05 
Critical value = .576 



GPO eo8-oie-5 



o 

ERIC 



IV. The mean scores exceeded the critical 
chance score for all but Grade 2 at the 
knowledge level, for all grades at the 
comprehension level, and for Grades 4, 
5 and 6 at the application level (Table 
80). 

TABLE 80 . 

CONCEPT 7. COMPARISON OF MEAN TEST 
SCORES WITH CRITICAL CHANCE SCORE BY 
GRADE AND LEVEL OF UNDERSTANDING 



_ , Levels of Understanding 

Grades 




Knowledge 


Comprehension 


Application 


2 


1.50 


1.83* 


1.08 


3 


3.08* 


1.92* 


1.58 


4 


2.92* 


2.17* 


2.92* 


5 


2.83* 


1.75* 


2.92* 


6 


3.17* 


2.17* 


3.00* 



♦Mean score significantly greater than chance. 
Critical value = 1.71 



V. At least 50 percent of the pupils in all 
classes attained scores at least 15 per- 
cent above chance at all levels of under- 
standing with the exception of Grade 2 
at the application level (Table 81). 



Concept Eifht 

Forces can be represented by vectors 
which can be added, subtracted, or resolved 
into components. 



TABLE 82, 

CONCEPT 8. MEAN TEST SCORES ARRANGED 
BY GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Grade Levels of Understanding 




Knowledge 


Comprehension 


Application 


2 


1.33 


2.33 


1.42 


3 


1.50 


2.50 


1.83 


4 


1.83 


2.75 


2.00 


5 


2.50 


3.42 


1.75 


6 


2.08 


3.50 


2.25 



I. It is noted from Table 82 that: 

A. The mean scores were lower at the 
knowledge level than at the compre- 
hension level for all pupils. 

B. The mean scores were lower at the 
knowledge level than at the applica- 
tion level for all pupils except those 
in Grade 5 . 

C. The mean scores were higher at the 



TABLE 81. 

CONCEPT 7. NUMBER AND PERCENT OF PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERSTANDING 



Levels of Understanding 





Knowledge 


Comprehension 


Application 


Grade 


Number of 


Percent 


Number of 


Percent 


Number of 


Percent 




pupils 


of 


pupils 


of 


pupils 


of 




scoring 


class 


scoring 


class 


scoring 


class 




at least 




at least 




at least 






15 percent 




15 percent 




15 percent 






above chance 




above chance 




above chance 




2 


6 


50 


7 


58 


5 


42 


3 


10 


83 


7 


58 


7 


58 


4 


10 


83 


8 


67 


12 


100 


5 


11 


91 


6 


50 


12 


100 


6 


9 


75 


8 


67 


11 


91 



Number of pupils per grade =12 



OQiiipirtlisiiilm than fit Ikt fip» 

pUafttt^n Ifi^fil isr fill pup4lfi , 

II « gKfi«lnfittoi ©f til# rtiulti ior lb# kni©wl- 

•dffit ©©nprtlitntl©© find uppUcmtlDn 
Ifi¥filfi ifipfirfittl^ ffiFfifilf lifi l©ll©wiii)gi 
k* fo©WlfidQfi 

H© iignlfl©imt dllfartn©>ti isslitfid 
fiii!©nig thfi fififin f ©©rfit fiohlfi^fid by 
pupili in thfi vasTteni gradfit (f tbl® 
13). 



TMLl II. 

CONCIPT I. IIJOWLEDQl, fAlLI 

FOE THl AHAL¥SIi OF VMmMGl WIf H AH 
ALPHA OF .05 



Sourc® 


df 


MS 


F 


F (Critiofil) 


Between 

Gradet 

Within 


4 

55 


3.60 

1.37 


1,10 


3.54 


Total 59 



i, Comprehfinaion 

Signlficfint difffirtnofii «xiit»d 
among Ih® m««n toorti achl®v®d by 
pupil® in the vfiriQUi grade® (fable 
84) , 



TABLE 84. 

CONCEPTS. COMPREHENSION. SUMMARY 
TABLE FOR THE ANALYSIS OF VARIANCE WITH 
AN ALPHA OF . 05 



Souree 


df 


MS 


F F (Critioab 


Between 


4 


3.39 


4.07 2.54 


Within 


55 


,83 




Total 


59 







The mean ®eore@ achis'ved by pupil® 
in Grade® 5 and 8 are eignifieanlly 
higher than thoa® aahleved by pupil® 
in Grade® 2 and 3 (Tables 85 and 
8i). 



tmm 81, 



OOHCIPT 8. 
gwmm MMH T 




Lim 



Grad® 


a 


3 4 


5 


i 


Maans 


a* 31 


a. SO a. 75 


3.42 


3,50 


3 1*33 

3 2*50 

4 3.75 

5 1*42 

6 3*50 


0 


,17 ,4a 

0* 


1.09* 

*11* 

,17 

0 


1,17* 

l,0§* 

,75 

.08 

0 



*p < , QS (group® listed by rank 



OOHCIPT 8. COMFliHINilOH , CRITIGAL 
VALU^ FOR NEWMAN-HULi T®T 



t 


a 


3 


4 


S 


^•SS (Fi5S) 


2.84 


3.41 


3.76 


4. 00 


^ ® ss ^ t ss) y 


^^rror- .74 
n 


,89 


.98 


1.04 



0 . Applloatiom 

Ho iignli.oant dlfiEerenoies existed 





g the mea 


n saoms aahleved by 


pUpili 

17). 

GOHCIPT 8. hi 
FOR THE AHA3 


S Ml V 

TAILl I 
SPUCATIC 
1.YSIS OF ' 
ALPHA 01 


57. 

)H. SUMMARY TABLE 
TOIAHOI WITH AH 
=■ .05 


Souroe df 


Mi 


F F (Gritioal) 


ietween 
Grades 4 

Witltln 55 


1 • 14 
1.07 


1.06 2.54 


Total 59 


HI. A iignlfi' 
test soor 
the ooap 


Gant rela 
■es and ] 
(rehensior 


tionshlp between 
[,Q. was found at 
1 level in Grade 6 
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TMll 88. 

CON GW 8. $MMlOmmf ilTWlEN PUPIL 
TW iCOm AND IQ iCQUIi ACCORDING TO 
GEADI LEVIL 



Grade 1 




1 Comprehension 


Application 


a 


.358 


.545 


-.146 


3 


.279 


-.212 


-.268 


4 


.185 


.172 


.320 


5 


.089 


-.356 


.256 


6 


.146 


.7 20* 


.466 



*Co4^®l®tlo<n ootffilQients algnlficant at 
alpha » ,05 
Grltleal value ^ .576 



IV, The mean soores exceeded the critical 
ohanoe score for all but Grades 2 and 3 
at the knowledge level, tor all grades at 
the comprehension level, and tor all but 
Grade 2 at the application level (Table 
89). 



TAILl 89. 

CONCEPT 8. COMPARXaON OF MEAN TW 
SCORES WITH CRITICAL CHANCE aCORE lY 
GRADE AND LEVEL OF UNDERSTANDING 



Grac 


, Levels c 

le 


>i Understat 


Tiding 




Btoowledge Con 


1 prehension 


Application 


2 


1.33 


2.33* 


1.42 


3 


1.50 


2,50* 


1,83* 


4 


1.83* 


2.75* 


2.00* 


5 


2.50* 


3.42* 


1.75* 


6 


2.08* 


3.50* 


2.25* 



*Mean scores significantly greater than chance 
Critical Value ^ 1.71 



V, At least 50 percent of the pupils in all 
classes attained scores at least 15 per- 
cent above chance at all levels of under- 
standing with the exception of Grade 2 
at the knowledge level (Table 90) . 



TABLE 90. 

CONCEPT 8. NUMBER AND PERCENT OF PUPILS EARNING SCORES AT LEAST 
15 PERCENT ABOVE CHANCE ACCORDING TO GRADE AND LEVEL OF UNDERSTANDING 



Levels of Understanding 



Knowledge Comprehension Application 



Grade 


Number of 
pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

class 


Number of 
pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

class 


Number of 
pupils 
scoring 
at least 
15 percent 
above chance 


Percent 

of 

class 


2 


5 


42 


10 


83 


6 


50 


3 


8 


67 


11 


91 


7 


58 


4 


7 


58 


12 


100 


9 


75 


5 


11 


91 


11 


91 


7 


58 


6 


9 


75 


12 


100 


9 


75 



Number of pupils per grade =12 
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CONCLUSIONS AHD IMPLICATIONS 



CONCLUSIONS 

I. Wlien the oriteria, a) the mean soore 
aGhleved by the pupils in any grade is signif- 
icantly better than chance , and, b) at least 
50% of the pupils in any grade attained scores 
at least 15% above chance, are applied to the 
achievemstii of pupils in Grades 2 through 6 
the following oonclusions are noted (summary* 
in Table 91). 

A. Knowledge 

1. Pupils in Grade 2 progressed 
to the knowledge level of 
understanding with Cbnoepts 
1,2,3 and 6 . 

2. Pupils in Grade 3 progressed 
to the knowledge level of 
understanding with Concepts 
1 , 2 , 3 , 6 and 7 . 

3. Pupils in Grade 4 progressed 
to the knowledge level of 
understanding with Concepts 
1, 2, 3, 5, 6, 7 and 8. 

4. Pupils in Grade 5 progressed 
to the knowledge level of 
understanding with all eight 
oonoepts . 

5. Pupils in Grade 6 progressed 
to the knowledge level of 
understanding with all eight 
oonoepts . 

B . Com prehens ion 

1. Pupils in Grade 2 progressed 
to the oomprehension level of 
understanding with Concepts 
1 , 2, 3, 4, 5, 7 and 8. 

2. Pupils in Grade 3 progressed 
tp the oomprehension level of 
understanding with Concepts 
1, 2, 3, 4, 5, 7 and 8. 

3. Pupils in Grade 4 progressed 
to the oomprehension level of 
understanding with Concepts 
1 , 2, 3, 4, 5, 7 and 8. 



4. Pupils in Grade 5 progressed 
to the oomprehension level of 
understanding with all eight 
concepts . 

5. Pupils in Grade 6 progressed 
to the oomprehension level of 
understanding with all eight 
oonoepts . 

C. Application 

1 . Pupils in Grade 2 did not pro- 
gress to the application level 
of understanding with any of 
the eight concepts . 

2. Pupils in Grade 3 progressed 
to the application level of 
understanding with Concepts 
1 , 2 and 8 . 

3. Pupils in Grade 4 progressed 
to the application level of 
understanding with Concepts 
1, 2, 4, 6, 7 and 8. 

4. Pupils *in Grade 5 progressed 
to the application level of 
understanding with Concepts 
1 , 2, 4, 6, 7 and 8 . 

5 . Pupils in Grade 6 progressed 
to the application level of 
understanding with all eight 
oonoepts . 

II. While scattered instances of statisti- 
cally significant correlations exist between 
pupil test scores and IQ within grades , there 
seems to be no definitive correlation between 
test scores and IQ within any grade level when 
oonsidering all three levels of understanding. 



IMPLICATIONS 

I . Concept 1 may be included in the in- 
structional program for pupils in Grades 2-6 
when the desired level of mastery is knowledge 
or oomprehension , and for pupils in Grades 3-6 
when the desired level is application . 



II. Concept 2 may be included in the In-' 
struotlonal profrara for pupils in Grades 2-6 
when the desired level of mastery is knowledge 
or comprehension and for pupils in Grades 3-6 
when the desired level is application. 

III. Concept 3 may be included in the in- 
structional program for pupils in Grades 2-6 
when the desired level of mastery is knowledge 
or oomprehenston and for pupils in Grade 6 
when the desired level is application. 

IV. Concept 4 may be included in the in- 
structional program for pupils in Grades 4-6 
when the desired level of mastery is knowledge, 
comprehension , or application. 

V. Concept 5 may be included in the in- 
structional program for pupils in Grades 4-6 
when the desired level of mastery is knowledge 
or comprehension , and for pupils in Grade 6 
when the desired level is application. 

VI. Concept 6 may be included in the in- 
structional program for pupils in Grades 4-6 
when the desired level of mastery is knowledge, 
comprehension , or application. 



Vn. Conoept 7 may be included in the in- 
structional program for pupils in Grades 3-6 
when the desired level of mastery is knowledge 
or comprehension , and in Grades 4-6 when the 
desired level of masteiry is appUcatiion , 

VIII . Concept 8 may be included in the in- 
structional program for pupils in Grades 3-6 
when the desired level of mastery is knowledge , 
comprehension, or application. 

IX. The development of concepts such 
as 4, 5 and 6 involving magnitudes of forces , 
action-reaction , and equilibrant forces seem 
to be the most difficult for pupils in Grades 

2-5. 

X. Although some significant correlations 
between pupil test scores and IQ's exist , it 
seems that IQ within the range of this study is 
not generally a major factor in the achievement 
of understanding of these concepts utilizing 
this method of instruction. 

XI. Maturity, as indicated by grade level , 
appears to be a factor in determining success 
for these eight concepts , particularly at the 
higher levels of understanding . 



TABLE 91. 

CONCEPTS RELATED TO FORCE ACCORDING TO 
GRADE LEVEL AND LEVEL OF UNDERSTANDING 



Level of 
Understandinq 

2 


3 


GRADES 

4 


5 


6 


Significant Significant 

Differences Correlation 

of IQ with 
Test Scores 


Concept 1 . 


Forces are interactions between material bodies acting as 




pushes and pulls that cause changes in motion. 


K 




*# 


*# 


*# 


*# 


n.s.d. 


C 




*# 


*# 


*# 




n.s.d. (post-hoc) 2 


A 




*# 


*# 


*# 


*# 


3,5,6>2 


Concept 2. 


A force acting on a body may cause it to accelerate. 


K 


*# 


*# 


*# 


*# 


*# 


4,6>2 


C 


*# 


*# 


*# 


*# 


*# 


n.s.d. (post-hoc) 


A 




*# 


*# 


*# 


*# 


4>2 2 


Concept 3. 


Forces have magnitude and direction . 




K 


*# 


*# 


*# 


*# 


*# 


n.s.d. 


C 


*# 


*# 


*# 


*# 


*# 


n.s.d. (post-hoc) 6 


A 








# 


*# 


6>3 



* mean score of class significantly greater than chance 

§ at least 50 percent of class scored at least 1 5 percent above chance 

n. s.d. no significant difference 

K-Knowledge, C- Com prehens ion , A-Application 
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TABLE 91. (Continued) 



Level of Signifioant Slgnlfleant 

Understanding GRADES Differences Correlation 





2 


3 


4 


5 


6 


of I 
Tesi 


Q with 
: Scores 


Concept 4. 


The ac( 


oeleratio 


n, or change of motion , of a body is 






proportional to the magnitude of the force acting upon it. 




K 






# 


*# 


*# 


n.s.d. 




C 


*# 




*# 


*# 


*# 


5,6>2 




A 


# 


# 


*# 


*# 


*# 


6>2,4 




Concept 5. 


Interactions , oi 


' forces , 


between bodies involve actions 






and reactions . 












K 






*# 


*# 


*# 


4,6>2' 


6 


C 


*# 


*# 


*# 


*# 


*# 


n.s.d. 




A 










*# 


6>2,3,4,5 




Concept 6. 


When all the forces acting on a 


body are in balance, 






there is no change in its 


motion . 






K 


*# 


*# 


*# 


*# 


*# 


n.s.d. (post-hoc) 


4 


C 


# 


# 




*# 


*# 


n.s.d. (post-hoc) 




A 




# 


*# 


*# 


*# 


4,5,6>2,3 




Concept 7. 


There are different kinds of forces with different origins , 






but all originate in matter and act upon matter. 




K 


# 


*# 


*# 


*# 


*# 


3,4,5,6>2 




C 


*# 


*# 


*# 


*# 


*# 


n.s.d. 




A 




# 


*# 


*# 


*# 


4,5,6>2,3 " 


5 


Concept 8. 


Forces can be represented by vectors which can be added, 






subtracted , or resolved into components . 






K 




# 


*# 


*# 


*# 


n.s.d. 




C 


*# 


*# 


*# 


*# 


*# 


5,6>2,3 


6 


A 


# 


*# 


*# 


*# 


*# 


n.s.d. 





* mean score of class significantly greater than chance 
§ at least 50 percent of class scored at least 15 percent above chance 
n . s . d . no significant difference 
K-Knowledge, C-COmprehension, A-Application 
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